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Description
Technical Field

[0001] The presentinvention relates to a production method of pharmaceutical products, agrochemicals, foods, cos-
metics and chemical products, and synthetic intermediates therefor.

Background Art

[0002] As a method for obtaining an optically active compound by chemical synthesis, there have been generally
known three kinds of methods: optical resolution methods, induction methods and asymmetric synthesis methods.
[0003] However, there are problems in that 1) induction methods do not allow much choice in the starting substance,
2) asymmetric synthesis methods allow only a limited number of reactions to afford the objective substance at a high
optical purity, and 3) from among the optical resolution methods, a method for resolution by high performance liquid
chromatography (HPLC) using a chiral column is not an economical synthetic method suitable for mass synthesis.
[0004] Accordingly, a production method of an optically active compound, which is convenient and suitable for mass
synthesis, is desired.

[0005] The presentinventors have conducted various studies and, as a result, found a method for economically and
conveniently producing an optically active form having a sulfonamide group, which comprises reaction of a racemate
of sulfonamide having an asymmetric carbon with an optically active carboxylic acid to derive a diastereomeric form
of acyl sulfonamide, optical resolution thereof to give an intermediate, and hydrolysis of the intermediate. The present
inventors have further studied based on these findings and achieved the present invention.

Disclosure of the Invention
[0006] Accordingly, the present invention relates to

[1] a method comprising resolution of a diastereomeric mixture represented by the formula

R'-50,-N—R’
(I)

o~ "R?

wherein

R'and RZ  are the same or different and each is an optionally substituted hydrocarbon group or an optionally
substituted heterocyclic group, and only one of R! and R2 contains one asymmetric carbon, and

Ra is an optically active and optionally substituted hydrocarbon group or an optically active and optionally
substituted heterocyclic group,

or a salt thereof, to produce a diastereomer having a steric configuration of the asymmetric carbon for R or R2 of
an R configuration or an S configuration, or a salt thereof;

[2] the method of the above-mentioned [1], wherein R2 is an optically active and optionally substituted hydrocarbon
group containing an asymmetric carbon or an optically active and optionally substituted heterocyclic group con-
taining an asymmetric carbon;

[3] the method of the above-mentioned [1], wherein the resolution is free of hydrolase;

[4] a production method of a diastereomeric mixture represented by the formula
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R'-s0,-N-R?
(1)

0~ "R?

wherein R1and R2 are the same or different and each is an optionally substituted hydrocarbon group or an optionally
substituted heterocyclic group, and only one of R' and R2 contains one asymmetric carbon, and R@ is an optically
active and optionally substituted hydrocarbon group or an optically active and optionally substituted heterocyclic
group, or a salt thereof, which comprises reacting a racemate represented by the formula

R'-80,-NH-R? (I

wherein each symbol is as defined above, or a salt thereof with an optically active compound represented by the
formula

R?-COOH ()

wherein R@ is as defined above, or a salt thereof or a reactive derivative thereof;
[5] a production method of an optically active form represented by the formula

R'-80,-NH-R* (V)

wherein R'2 and R22 are the same or different and each is an optionally substituted hydrocarbon group or an
optionally substituted heterocyclic group, only one of R'2 and R22 contains one asymmetric carbon, and the steric
configuration of the asymmetric carbon is an R configuration or an S configuration, or a salt thereof, which com-
prises deacylation of the diastereomer obtained in the above-mentioned [1] or a salt thereof;

[6] a production method of an optically active form represented by the formula

R'"-80,-NH-R* V)

wherein R'2 and R22 are the same or different and each is an optionally substituted hydrocarbon group or an
optionally substituted heterocyclic group, only one of R'2 and R22 contains one asymmetric carbon, and a steric
configuration of the asymmetric carbon is an R configuration or an S configuration, or a salt thereof, which com-
prises reacting a racemate represented by the formula

R'-S0,-NH-R? (I

wherein R1and R2 are the same or different and each is an optionally substituted hydrocarbon group or an optionally
substituted heterocyclic group and only one of R! and R2 contains one asymmetric carbon, or a salt thereof with
an optically active compound represented by the formula

R*-COOH (1

wherein R2 is an optically active and optionally substituted hydrocarbon group or an optically active and optionally
substituted heterocyclic group, a salt thereof or a reactive derivative thereof to give a diastereomeric mixture rep-
resented by the formula



10

15

20

25

30

35

40

45

50

55

EP 1 334 966 A1

R'~50,~N—R’
(I)

0~ "R?

wherein each symbol is as defined above, or a salt thereof, resolving the diastereomeric mixture or a salt thereof
to give the diastereomer wherein the asymmetric carbon for R or R2 has a steric configuration of an R configuration
or an S configuration or a salt thereof, then deacylating said diastereomer;

[7] the method of any of the above-mentioned [1] to [6],

wherein the group represented by the formula

1 2
R'-S0,- N~ R
is a group represented by the formula

R3

1

R SOz—T—Ar

wherein R3 and R# are the same or different and each is an optionally substituted hydrocarbon group or an optionally
substituted heterocyclic group, R3 and R4 may form an optionally substituted cyclic group together with the adjacent
carbon atom, Ar is an optionally substituted hydrocarbon group or an optionally substituted heterocyclic group,
and the symbol

—~—y

indicates a racemate, and the diastereomer comprises a group represented by the formula

S (A

R SO,~N-—Ar

wherein * shows the position of the asymmetric carbon and othe symbols are as defined above, which has a steric
configuration of the asymmetric carbon of an R configuration or an S configuration;

[8] the method of any of the above-mentioned [1] to [6],

wherein the group represented by the formula

R'-S0,~N—R’

I

is a group represented by the formula
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wherein R5 is an optionally substituted hydrocarbon group, an optionally substituted heterocyclic group, the formula
-OR® (R6 is a hydrogen atom or an optionally substituted aliphatic hydrocarbon group) or the formula -NR7R8 (R”
and R8 are the same or different and each is a hydrogen atom or an optionally substituted aliphatic hydrocarbon
group),

Arlis an optionally substituted aromatic hydrocarbon group, ring A may be further substituted, n is an integer of
1-4 and the symbol

~—an

indicates a racemate, and the diastereomer comprises a group represented by the formula

wherein * shows the position of the asymmetric carbon and other symbols are as defined above, which has a steric
configuration of the asymmetric carbon of an R configuration or an S configuration;

[9] the method of any of the above-mentioned [1] to [6],

wherein the group represented by the formula

W—sq—wéw

is a group represented by the formula

O

|
c-O0R’

_(©)
sofﬁ—Ar

wherein R9 is a C4_g alkyl group, ArZ is a C4_44 aryl group optionally having a halogen atom, and the symbol
—~
indicates a racemate, and the diastereomer comprises a group represented by the formula
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i
C-0R’

) (C’")
S%—T—Ar

wherein * shows the position of the asymmetric carbon and other symbols are as defined above, which has a steric
configuration of the asymmetric carbon of an R configuration or an S configuration;
[10] the method of the above-mentioned [4] or [6], wherein the compound represented by the formula

R*-COOH (1

wherein R2 is an optically active and optionally substituted hydrocarbon group or an optically active and optionally
substituted heterocyclic group, is a compound containing an asymmetric carbon at the o-position of the carboxyl

group;
[11] the method of the above-mentioned [10], wherein the compound represented by the formula

R?-COOH (I

wherein R2 is an optically active and optionally substituted hydrocarbon group or an optically active and optionally
substituted heterocyclic group is

(1) an optically active compound represented by the formula

b

R COOH
\T’ (111a)

OR°®

wherein RP is a Cg_14 aryl group and R¢ is a C4_4 alkanoyl group or a C4_4 alkyl group, or a salt thereof, or
(2) an optically active compound represented by the formula

, COOH
R'00C7 Y (I11b)
Re

wherein Rd and Re are the same or different and each is a C,_4 alkyl group, or a salt thereof;
[12] a compound represented by the formula
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i
5
C—-R
AN
(CH). A (Ivb)

1

* SO,—N—-Ar
a
0] R

wherein

Ra is an optically active and optionally substituted hydrocarbon group or an optically active and optionally
substituted heterocyclic group,

RS is an optionally substituted hydrocarbon group, an optionally substituted heterocyclic group, a group
represented by the formula -OR® (R8 is a hydrogen atom or an optionally substituted aliphatic hydrocarbon
group) or a group represented by the formula -NR7R8 (R7 and R8 are the same or different and each is
a hydrogen atom or an optionally substituted aliphatic hydrocarbon group),

Arl is an optionally substituted aromatic hydrocarbon group,

ring A may be further substituted,

n is an integer of 1-4, and

* shows the position of an asymmetric carbon,

or a salt thereof;
[13] the compound of the above-mentioned [12], wherein R2CO- is a group represented by the formula

R" cCO-—- .
g (IIlaa)

OR®

wherein Ry, is a Cg_q4 aryl group and R¢ is a C,_g alkanoyl group or a C4_4 alkyl group;
[14] the compound of the above-mentioned [12], wherein R2CO- is a group represented by the formula

] co-
R ooc/\( (11Ibb)
. RG

wherein R4 and Re are the same or different and each is a C,_4 alkyl group;

[15] (6R)-6-({[(2S)-2-(acetyloxy)-2-phenylethanoyl]-2-chloro-4-fluoroanilino}sulfonyl)-1-cyclohexene-1-carboxylic
acid ethyl ester;

[16]  (B6R)-6-({2-chloro-4-fluoro[(3R)-4-methoxy-2-methyl-4-oxobutanoyl]anilino}sulfonyl)-1-cyclohexene-1-car-
boxylic acid ethyl ester;

[17] (6S)-6-({[(2R)-2-(acetyloxy)-2-phenylethanoyl]-2-chloro-4-fluoroanilino}sulfonyl)-1-cyclohexene-1-carboxylic
acid ethyl ester; and

[18] (6S)-6-({2-chloro-4-fluoro[(3S)-4-methoxy-2-methyl-4-oxobutanoyl]anilino}sulfonyl)-1-cyclohexene-1-carbox-
ylic acid ethyl ester.

[0007] Inthe present specification, as the "hydrocarbon group" of the "optionally substituted hydrocarbon group", for
example, an alkyl group, a cycloalkyl group, a cycloalkylalkyl group, an alkenyl group, a cycloalkenyl group, an alkynyl
group, an aryl group, an aralkyl group and the like are preferable.

[0008] As the alkyl group, for example, a linear or branched alkyl group having 1 to 20 carbon atoms (e.g., a methyl
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group, an ethyl group, an n-propyl group, an isopropy! group, an n-butyl group, an isobutyl group, a sec-butyl group,
a tert-butyl group, a pentyl group, a hexyl group, a heptyl group, an octyl group, a nonyl group, a decyl group, a dodecyl
group, etc.), and the like are preferable, and particularly, for example, a lower alkyl group having 1 to 6 carbon atoms
(e.g., a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, etc.), and the like are preferable.

[0009] As the cycloalkyl group, for example, a cycloalkyl group having 3 to 10 carbon atoms (e.g., a cyclopropyl
group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl group, etc.), and
the like are preferable, and particularly, for example, a cycloalkyl group having 3 to 6 carbon atoms (e.g., a cyclopropyl
group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl group, etc.), and the like are preferable.

[0010] As the cycloalkylalkyl group, for example, a cycloalkylalkyl group having 4 to 12 carbon atoms (e.g., a cyclo-
propylmethyl group, a cyclopentylmethyl group, a cyclohexylmethyl group, a cycloheptylmethyl group, etc.), and the
like are preferable, and particularly, for example, a cycloalkylalkyl group having 4 to 8 (particularly 4 to 7) carbon atoms
(e.g., acyclopropylmethyl group, a cyclopentylmethyl group, a cyclohexylmethyl group, etc.), and the like are preferable.
[0011] As the alkenyl group, for example, a lower alkenyl group having 3 to 6 carbon atoms (e.g., a propenyl group,
a butenyl group, a pentenyl group, etc.) are preferable, and particularly, for example, a lower alkenyl group having 3
or 4 carbon atoms (e.g., a propenyl group, a butenyl group, etc.), and the like are preferable.

[0012] As the cycloalkenyl group, for example, a cycloalkenyl group having 5 to 8 carbon atoms (e.g., a cyclobutenyl,
a cyclopentenyl group, a cyclohexenyl group, a cycloheptenyl and the like) and the like are preferable. Particularly, for
example, a cycloalkenyl group having 5 to 7 carbon atoms, such as a cyclopentenyl group, a cyclohexenyl group and
the like, are preferable.

[0013] As the alkynyl group, for example, a lower alkynyl group having 3 to 6 carbon atoms (e.g., a propynyl group,
a butynyl group, a pentynyl group, etc.) are preferable, and particularly, for example, a lower alkynyl group having 3
or 4 carbon atoms (e.g., a propynyl group, a butynyl group, etc.), and the like are preferable.

[0014] As the aryl group, for example, an aryl group having 6 to 14 carbon atoms (e.g., a phenyl group, a naphthyl
group, a biphenyl group, an anthryl group, an indenyl group and the like) and the like are preferable. Particularly, for
example, an aryl group having 6 to 10 carbon atoms (e.g., a phenyl group, a naphthyl group and the like) and the like
are preferable, and phenyl group and the like are particularly preferable.

[0015] As the aralkyl group, for example, an arylalkyl group having 7 to 16 carbon atoms (e.g., a Cg_4¢ aryl-C4_g alkyl
group such as a benzyl group, a phenylethyl group and the like, and the like), and the like are preferable. Particularly,
a benzyl group and the like are preferable.

[0016] As the "substituents" of the "hydrocarbon group" of the above-mentioned "optionally substituted aliphatic hy-
drocarbon group", for example, a heterocyclic group, an oxo group, a hydroxy group, a C4_g alkoxy group, a Cs_4q
(particularly C4_g) cycloalkyloxy group, a Cg_4q aryloxy group, a C;_49 (particularly C;_4,) aralkyloxy group, a heterocyclic
oxy group, a C4_g alkylthio group (sulfur atom may be oxidized), a C5_4q (particularly C5_¢) cycloalkylthio group (sulfur
atom may be oxidized), a Cq_4q arylthio group (sulfur atom may be oxidized), a C;_q (particularly C,_45) aralkylthio
group (sulfur atom may be oxidized), a heterocyclic thio group, a heterocyclic sulfinyl group, a heterocyclic sulfonyl
group, a nitro group, a halogen atom, a cyano group, a carboxyl group, a C4_4¢ (particularly C,_g) alkoxy-carbonyl group,
a C,_g cycloalkyloxy-carbonyl group, a Cg_4 aryloxy-carbonyl group, a C;_4g (particularly C;_45) aralkyloxy-carbonyl
group, a heterocyclic oxycarbonyl group, a Cg_4( aryl-carbonyl group, C,_g alkanoyl group, C,_5 alkenoyl group, a Cg_4
aryl-carbonyloxy group, a C,_g alkanoyloxy group, a C5_5 alkenoyloxy group, an optionally substituted carbamoyl group,
an optionally substituted thiocarbamoyl! group, an optionally substituted carbamoyloxy group, a C,_g alkanoylamino
group, a Cg_4g aryl-carbonylamino group, a C4_4¢ (particularly C,_g) alkoxy-carboxamide group, a Cg_ 4o aryloxy-car-
boxamide group, a C7_49 (particularly C;_4,) aralkyloxy-carboxamide group, a C4_4o (particularly C,_g) alkoxy-carbon-
yloxy group, a Cg_4q aryloxy-carbonyloxy group, a C;_4g (particularly C;_4,) aralkyloxy-carbonyloxy group, a C5_4q (par-
ticularly C5_g) cycloalkyloxy-carbonyloxy group, an optionally substituted ureido group, an optionally substituted Cg_4¢
aryl group, etc. are used.

[0017] These substituents are substituted at substitutable positions in the above-mentioned "aliphatic hydrocarbon
group", wherein the substituents are not limited to a single substituent but may be the same or different plural (2 to 4)
substituents.

[0018] Among the substituents of the above-mentioned "hydrocarbon group", as the "C,_g alkoxy group"”, for example,
a methoxy group, an ethoxy group, an n-propoxy group, an iSopropoxy group, an n-butoxy group, a tert-butoxy group,
an n-pentyloxy group, an n-hexyloxy group, etc. are used, as the "C5_4 cycloalkyloxy group", for example, a cyclopro-
pyloxy group, a cyclohexyloxy group, etc. are used, as the "Cg_4q aryloxy group”, for example, a phenoxy group, a
naphthyloxy group, etc. are used, as the "C;_4q aralkyloxy group”, for example, a benzyloxy group, a 1-phenylethyloxy
group, a 2-phenylethyloxy group, a benzhydryloxy group, a 1-naphthylmethyloxy group, etc. are used, as the "C44
alkylthio group (sulfur atom may be oxidized)", for example, a methylthio group, an ethylthio group, an n-propylthio
group, an n-butylthio group, a methylsulfinyl group, a methylsulfonyl group, etc. are used, as the "C5_;¢ cycloalkylthio
group (the sulfur atom may be oxidized)", for example, a cyclopropylthio group, a cyclohexylthio group, a cyclopentyl-
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sulfinyl group, a cyclohexylsulfonyl group, etc. are used, as the "Cg_4q arylthio group (sulfur atom may be oxidized)",
for example, a phenylthio group, a naphthylthio group, a phenylsulfinyl group, a phenylsulfonyl group, etc. are used,
as the "C5_4g aralkylthio group (sulfur atom may be oxidized)", for example, a benzylthio group, a phenylethylthio group,
a benzhydrylthio group, a benzylsulfinyl group, a benzylsulfonyl group, etc. are used, as the "halogen atom", for ex-
ample, a fluorine atom, a chlorine atom, a bromine atom or an iodine atom are used, as the "C,_;o alkoxy-carbonyl
group", for example, a methoxycarbonyl group, an ethoxycarbonyl group, an n-propoxycarbonyl group, an isopropox-
ycarbonyl group, an n-butoxycarbony! group, an isobutoxycarbonyl group, a tert-butoxycarbonyl group, etc. are used,
as the "C5 g cycloalkyloxy-carbonyl group”, for example, a cyclopropyloxycarbonyl group, a cyclopentyloxycarbonyl
group, a cyclohexyloxycarbonyl group, a norbornyloxycarbonyl group, etc. are used, as the "Cg_4( aryloxy-carbonyl
group", for example, a phenoxycarbonyl group, a naphthyloxycarbonyl group, etc. are used, as the "C;_;¢ aralkyloxy-
carbonyl group", for example, a benzyloxycarbonyl group, a benzhydryloxycarbonyl group, a 2-phenethyloxycarbonyl
group, etc. are used, as the "Cg_4 ¢ aryl-carbonyl group”, for example, a benzoyl group, a naphthoyl group, a phenylacetyl
group, etc. are used, as the "C,_g alkanoyl group", for example, a formyl group, an acetyl group, a propionyl group, a
butyryl group, a valeryl group, a pivaloyl group, etc. are used, as the "C5_5 alkenoyl group”, for example, an acryloyl
group, a crotonoyl group, etc. are used, as the "Cg_4o aryl-carbonyloxy group”, for example, a benzoyloxy group, a
naphthoyloxy group, a phenylacetoxy group, etc. are used, as the "C,_g alkanoyloxy group”, for example, an acetoxy
group, a propionyloxy group, a butyryloxy group, a valeryloxy group, a pivaloyloxy group, etc. are used, and as the
"Cs_5 alkenoyloxy group”, for example, an acryloyloxy group, a crotonoyloxy group, etc. are used.

[0019] As the "optionally substituted carbamoyl group", for example, a carbamoyl group or a cyclic aminocarbonyl
group, which may be substituted by 1 or 2 groups selected from a C,_4 alkyl (e.g., a methyl, an ethyl, etc.), a phenyl,
a C,_7 acyl (e.g., an acetyl, a propionyl, a benzoyl, etc.), a C,_4 alkoxyphenyl (e.g., a methoxyphenyl, etc.), etc. are
used, and specifically, for example, a carbamoyl group, an N-methylcarbamoyl group, an N-ethylcarbamoyl group, an
N,N-dimethylcarbamoyl group, an N,N-diethylcarbamoyl group, an N-phenylcarbamoyl group, an N-acetylcarbamoyl
group, an N-benzoylcarbamoyl group, an N-(p-methoxyphenyl)carbamoyl group, a 1-pyrrolidinylcarbonyl group, a pip-
eridinocarbonyl group, a 1-piperazinylcarbonyl group, a morpholinocarbonyl group, etc. are used. As the "optionally
substituted thiocarbamoyl group"”, for example, a thiocarbamoyl group which may be substituted by 1 or 2 groups
selected from a C,_4 alkyl (e.g., a methyl, an ethyl, etc.), a phenyl, etc. are used, and specifically, for example, a
thiocarbamoyl group, an N-methylthiocarbamoyl group, an N-phenylthiocarbamoyl group, etc. are used. As the "op-
tionally substituted carbamoyloxy group”, for example, a carbamoyloxy group which may be substituted by 1 or 2 groups
selected from a C,_4 alkyl (e.g., a methyl, an ethyl, etc.), a phenyl, etc. are used, and specifically, for example, a
carbamoyloxy group, an N-methylcarbamoyloxy group, an N,N-dimethylcarbamoyloxy group, an N-ethylcarbamoyloxy
group, an N-phenylcarbamoyloxy group, etc. are used.

[0020] As the "C,_g alkanoylamino group”, for example, an acetamide group, a propionamide group, a butyroamide
group, a valeroamide group, a pivaloamide group, etc. are used, as the "Cg_4( aryl-carbonylamino group”, for example,
a benzamide group, a naphthoamide group, a phthalimide group, etc. are used, as the "C,_;o alkoxy-carboxamide
group”, for example, a methoxycarboxamide (CH;OCONH-) group, an ethoxycarboxamide group, a tert-butoxycarbox-
amide group, etc. are used, as the "Cg 4o aryloxy-carboxamide group", for example, a phenoxycarboxamide
(CgH5OCONH-) group, etc. are used, as the "C_4, aralkyloxy-carboxamide group"”, for example, a benzyloxycarbox-
amide (C4zH5CH,OCONH-) group, a benzhydryloxycarboxamide group, etc. are used, as the "C,_;o alkoxy-carbonyloxy
group", for example, a methoxycarbonyloxy group, an ethoxycarbonyloxy group, an n-propoxycarbonyloxy group, an
isopropoxycarbonyloxy group, an n-butoxycarbonyloxy group, a tert-butoxycarbonyloxy group, an n-pentyloxycarbo-
nyloxy group, an n-hexyloxycarbonyloxy group, etc. are used, as the "Cg_4, aryloxy-carbonyloxy group”, for example,
a phenoxycarbonyloxy group, a naphthyloxycarbonyloxy group, etc. are used, as the "C;_4y aralkyloxy-carbonyloxy
group", for example, a benzyloxycarbonyloxy group, a 1-phenylethyloxycarbonyloxy group, a 2-phenylethyloxycarbo-
nyloxy group, a benzhydryloxycarbonyloxy group, etc. are used, and as the "C5_4¢ cycloalkyloxy-carbonyloxy group",
for example, a cyclopropyloxycarbonyloxy group, a cyclohexyloxycarbonyloxy group, etc. are used.

[0021] As the "optionally substituted ureido group", for example, a ureido group optionally substituted by 1 to 3 (pref-
erably 1 or 2) substituents selected from a C,_4 alkyl group (e.g., a methyl group, an ethyl group, etc.), a phenyl group,
etc. are used, and, for example, a ureido group, a 1-methylureido group, a 3-methylureido group, a 3,3-dimethylureido
group, a 1,3-dimethylureido group, a 3-phenylureido group, etc. are used.

[0022] When a heterocyclic group, a heterocyclic oxy group, a heterocyclic thio group, a heterocyclic sulfinyl group,
a heterocyclic sulfonyl group or a heterocyclic oxycarbonyl group is used as the "substituents" of the "hydrocarbon" of
the "optionally substituted hydrocarbon group", the heterocyclic group represents a group formed by excluding one
hydrogen atom that binds to the heterocycle, and it represents, for example, a 5- to 8-membered cyclic (preferably 5-
or 6-membered cyclic) group containing 1 to a few, preferably 1 to 4 hetero atoms such as a nitrogen atom (optionally
oxidized), an oxygen atom, a sulfur atom, etc., or its condensed cyclic group. As these heterocyclic groups, for example,
a pyrrolyl group, a pyrazolyl group, an imidazolyl group, a 1,2,3-triazolyl group, a 1,2,4-triazolyl group, a tetrazolyl
group, a furyl group, a thienyl group, an oxazolyl group, an isoxazolyl group, a 1,2,3-oxadiazolyl group, a 1,2,4-oxadi-
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azolyl group, a 1,2,5-oxadiazolyl group, a 1,3,4-oxadiazolyl group, a thiazolyl group, an isothiazolyl group, a 1,2,3-thi-
adiazolyl group, a 1,2,4-thiadiazolyl group, a 1,2,5-thiadiazolyl group, a 1,3,4-thiadiazolyl group, a pyridyl group, a
pyridazinyl group, a pyrimidinyl group, a pyrazinyl group, an indolyl group, a pyranyl group, a thiopyranyl group, a
dioxinyl group, a dioxolyl group, a quinolyl group, a pyrido[2,3-d]pyrimidyl group, a 1,5-, 1,6-, 1,7-, 1,8-, 2,6- or 2,7-naph-
thyridyl group, a thieno[2,3-d]pyridyl group, a benzopyranyl group, a tetrahydrofuryl group, a tetrahydropyranyl group,
a dioxolanyl group, a dioxanyl group, etc. are used.

[0023] These heterocyclic groups may be substituted at substitutable positions by 1 to 3 substituents selected from
a C,_4 alkyl (e.g., methyl, ethyl, etc.), a hydroxy, an oxo, a C,_4 alkoxy (e.g., methoxy, ethoxy, etc.), and the like.
[0024] As the "Cg_4g aryl group” of the "Cg_4¢ aryl group optionally having substituents”, for example, a phenyl group,
a naphthyl group, etc. are used. The Cq_4g aryl group may be substituted at a substitutable position by a substituent
selected from those exemplified as the "substituent” (except for an optionally substituted Cq_4( aryl group) of the "op-
tionally substituted hydrocarbon group" described above. These substituents are substituted at substitutable positions
of the Cg_4q aryl group, wherein such substituents are not limited to a single substituent, but the same or different, more
than one (2 to 4) substituents may be used.

[0025] In the "optionally substituted hydrocarbon group", the substituent together with the aliphatic hydrocarbon
group may form an optionally substituted condensed ring group, and as such condensed ring group, an indanyl group,
a 1,2,3,4-tetrahydronaphthyl group, etc. are used. This condensed ring group may be substituted at substitutable po-
sitions by substituents selected from those exemplified as the "substituent" of the "aliphatic hydrocarbon optionally
having substituents" described above. Such substituents are substituted at substitutable positions of the condensed
ring group, wherein the substituents are not limited to a single substituent, but the same or different, more than one (2
to 4) substituents may be used.

[0026] When the hydrocarbon group is a cyclic hydrocarbon group such as a cycloalkyl group, a cycloalkylalkyl group,
a cycloalkenyl group, an aryl group or an aralkyl group (particularly, a cycloalkenyl group) and the like, the substituent
may have a group represented by the formula -CO-R5

wherein R5 is an optionally substituted hydrocarbon group, an optionally substituted heterocyclic group, a group rep-
resented by the formula -OR® (R® is a hydrogen atom or an optionally substituted aliphatic hydrocarbon group) or a
group represented by the formula -NR7R8 (R7 and R8 are the same or different and each is a hydrogen atom or an
optionally substituted aliphatic hydrocarbon group).

[0027] In the present specification, the "heterocyclic group” in the "optionally substituted heterocyclic group" means,
for example, a 5- to 8-membered ring (preferably 5- or 6-membered ring) group having 1 to several, preferably 1 to 4,
hetero atoms, such as a nitrogen atom (optionally oxidized), an oxygen atom, a sulfur atom and the like, or its condensed
ring group.

[0028] As these heterocyclic groups, for example, a pyrrolyl group, a pyrazolyl group, an imidazolyl group, a 1,2,3-tri-
azolyl group, a 1,2,4-triazolyl group, a tetrazolyl group, a furyl group, a thienyl group, an oxazolyl group, an isoxazolyl
group, a 1,2,3-oxadiazolyl group, a 1,2,4-oxadiazolyl group, a 1,2,5-oxadiazolyl group, a 1,3,4-oxadiazolyl group, a
thiazolyl group, an isothiazolyl group, a 1,2,3-thiadiazolyl group, a 1,2,4-thiadiazolyl group, a 1,2,5-thiadiazolyl group,
a 1,3,4-thiadiazolyl group, a pyridyl group, a pyridazinyl group, a pyrimidinyl group, a pyrazinyl group, an indolyl group,
a pyranyl group, a thiopyranyl group, a dioxinyl group, a dioxolyl group, a quinolyl group, a pyrido[2,3-d]pyrimldinyl
group, 1,5-, 1,6-, 1,7-, 1,8-, 2,6- or 2,7-naphthyridyl group, a thieno[2,3-d]pyridyl group, a benzopyranyl group, a tet-
rahydrofuryl group, a tetrahydropyranyl group, a dioxolanyl group, a dioxanyl group, etc. are used.

[0029] As the "substituent" of the "optionally substituted heterocyclic group”, for example, those similar to the "sub-
stituent" of the aforementioned "optionally substituted hydrocarbon group” are used. Particularly, a C,_4 alkyl group (e.
g., a methyl group, an ethyl group and the like), a hydroxy group, an oxo group, a C,_4 alkoxy group (e.g., a methoxy
group, an ethoxy group and the like) and the like are preferable. These substituents are substituted at substitutable
positions in the above-mentioned "heterocyclic group", wherein the substituents are not limited a single substituent but
may be the same or different plural (2 to 4) substituents.

[0030] In the present specification, as the "aliphatic hydrocarbon group" of the "optionally substituted aliphatic hy-
drocarbon group", for example, an alkyl group, a cycloalkyl group, a cycloalkylalkyl group, an alkenyl group, an alkynyl
group and the like are preferable.

[0031] As the alkyl group, for example, a linear or branched alkyl group having 1 to 20 carbon atoms (e.g., a methyl
group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a sec-butyl group,
a tert-butyl group, a pentyl group, a hexyl group, a heptyl group, an octyl group, a nonyl group, a decyl group, a dodecyl
group, etc.), and the like are preferable, and particularly, for example, a lower alkyl group having 1 to 6 carbon atoms
(e.g., a methyl group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a
sec-butyl group, a tert-butyl group, etc.), and the like are preferable.

[0032] As the cycloalkyl group, for example, a cycloalkyl group having 3 to 10 carbon atoms (e.g., a cyclopropyl
group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl group, a cycloheptyl group, a cyclooctyl group, etc.), and
the like are preferable, and particularly, for example, a cycloalkyl group having 3 to 6 carbon atoms (e.g., a cyclopropyl
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group, a cyclobutyl group, a cyclopentyl group, a cyclohexyl group, etc.), and the like are preferable.

[0033] As the cycloalkylalkyl group, for example, a cycloalkylalkyl group having 4 to 12 carbon atoms (e.g., a cyclo-
propylmethyl group, a cyclopentylmethyl group, a cyclohexylmethyl group, a cycloheptylmethyl group, etc.), and the
like are preferable, and particularly, for example, a cycloalkylalkyl group having 4 to 8 (particularly 4 to 7) carbon atoms
(e.g., acyclopropylmethyl group, a cyclopentylmethyl group, a cyclohexylmethyl group, etc.), and the like are preferable.
[0034] As the alkenyl group, for example, a lower alkenyl group having 3 to 6 carbon atoms (e.g., a propenyl group,
a butenyl group, a pentenyl group, etc.) are preferable, and particularly, for example, a lower alkenyl group having 3
or 4 carbon atoms (e.g., a propenyl group, a butenyl group, etc.), and the like are preferable.

[0035] As the alkynyl group, for example, a lower alkynyl group having 3 to 6 carbon atoms (e.g., a propynyl group,
a butynyl group, a pentynyl group, etc.) are preferable, and particularly, for example, a lower alkynyl group having 3
or 4 carbon atoms (e.g., a propynyl group, a butynyl group, etc.), and the like are preferable.

[0036] As the "substituent" of the "optionally substituted aliphatic hydrocarbon", for example, those similar to the
"substituent" of the aforementioned "optionally substituted hydrocarbon group" are used. These substituents are sub-
stituted at substitutable positions in the above-mentioned "aliphatic hydrocarbon group", wherein the substituents are
not limited a single substituent but may be the same or different plural (2 to 4) substituents.

[0037] In the present specification, as the "aromatic hydrocarbon group" of the "optionally substituted aromatic hy-
drocarbon group", an aromatic hydrocarbon group having 6 to 14 carbon atoms (e.g., a phenyl group, a naphthyl group,
a biphenyl group, an anthryl group, an indenyl group and the like) and the like are preferable, and particularly for
example, an aryl group having 6 to 10 carbon atoms (e.g., phenyl and naphthyl groups etc.) and the like are preferable
and, of these, a phenyl group and the like are particularly preferable.

[0038] As the "substituent" of the "optionally substituted aromatic hydrocarbon group", for example, those similar to
the "substituent" of the "optionally substituted hydrocarbon group" are used. Of these, a halogen atom (e.g., fluorine,
chlorine, bromine, iodine and the like), a lower (C4_4) alkyl group (e.g., a methyl group, an ethyl group, a propyl group,
a butyl group and the like), a lower (C4_4) alkoxy group (e.g., a methoxy group, an ethoxy group, a propoxy group, a
butoxy group and the like), a lower (C4_4) alkoxycarbonyl group (e.g., a methoxycarbonyl group, an ethoxycarbonyl
group, a propoxycarbonyl group, a butoxycarbonyl group and the like), a carboxyl group, a nitro group, a cyano group,
a hydroxyl group, an acylamino group (e.g., an alkanoylamino group having 1 to 4 carbon atoms such as an acetylamino
group, a propionylamino group, a butyrylamino group and the like, and the like), a cycloalkyl group having 3 to 6 carbon
atoms (e.g., a cyclopropyl group, a cyclopentyl group and the like), an aryl group having 6 to 10 carbon atoms (e.g.,
a phenyl group, a naphthyl group, an indenyl group and the like), a halogeno-lower (C,_,) alkyl group (e.g., a trifluor-
omethyl group, a trifluoroethyl group and the like), a halogeno-lower (C,_4) alkoxy group (e.g., a trifluoromethoxy group,
a 1,1,2,2-tetrafluoroethoxy group, a 2,2,3,3,3-pentafluoropropoxy group and the like), a lower (C4_4) alkylthio group (e.
g., a methylthio group, an ethylthio group, a propylthio group and the like), a lower (C4_4) alkylsulfonyl group (e.g., a
methanesulfonyl group, an ethanesulfonyl group, a propanesulfonyl group and the like), a lower (C_4) alkanoyl group
(e.g., a formyl group, an acetyl group, a propionyl group and the like), a 5-membered aromatic heterocyclic group (e.
g.,a 1,2,3-triazolyl group, a 1,2,4-triazolyl group, a tetrazolyl group, a thiazolyl group, an isothiazolyl group, an oxazolyl
group, an isoxazolyl group, a thiadiazolyl group, a thienyl group, a furyl group and the like), a carbamoyl group, a lower
(C4.4) alkyl-carbamoyl group (e.g., a methylcarbamoyl group, a dimethylcarbamoyl group, a propionylcarbamoyl group
and the like), a lower (C,_4) alkoxy-carbonyl-lower (C4_4) alkyl-carbamoyl group (e.g., a butoxycarbonylmethylcar-
bamoyl group, an ethoxycarbonylmethylcarbamoyl group and the like), a 1,3-diacylguanidino-lower (C4_4) alkyl group
(e.g., 1,3-diacetylguanidinomethyl, 1,3-bis-(tert-butoxycarbonyl)guanidinomethyl and the like) and the like are prefer-
able. Furthermore, a halogen atom (e.g., fluorine, chlorine, bromine, iodine atoms), a lower (C,_4) alkyl group (e.g., a
methyl group, an ethyl group, a propyl group, a butyl group and the like) and the like are preferable, and a fluorine
atom, a chlorine atom and a methyl group are particularly preferable.

[0039] These substituents are substituted at substitutable positions of the "aromatic hydrocarbon group”, and the
number of the substituents is preferably 1 to 5, more preferably 1 to 3; most preferably 1 or 2. When two or more of
such substituents are present, they may be the same or different.

[0040] R’ and R2 are the same or different and each is an optionally substituted hydrocarbon group or an optionally
substituted heterocyclic group, and only one of R! and R2 contains one asymmetric carbon.

[0041] Therefore, one of R' and R2 is an "optionally substituted hydrocarbon group" or an "optionally substituted
heterocyclic group"”, which is free of an asymmetric carbon. The other is an "optionally substituted hydrocarbon group”
or "optionally substituted heterocyclic group" having one asymmetric carbon, from among the aforementioned "option-
ally substituted hydrocarbon group" and the "optionally substituted heterocyclic group".

[0042] R’'aand R22 are the same or different and each is an optionally substituted hydrocarbon group or an optionally
substituted heterocyclic group, and only one of R12 and R22 contains one asymmetric carbon.

[0043] Therefore, one of R'2 and R22 is an "optionally substituted hydrocarbon group" or an "optionally substituted
heterocyclic group"”, which is free of an asymmetric carbon. The other is an "optionally substituted hydrocarbon group”
or "optionally substituted heterocyclic group" having one asymmetric carbon.
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[0044] The position of the asymmetric carbon is not particularly limited but the a-position of a sulfonamide group is
preferable.

[0045] R2shows an optically active and optionally substituted hydrocarbon group or an optically active and optionally
substituted heterocyclic group. Preferably, R2 is an optically active and optionally substituted hydrocarbon group con-
taining an asymmetric carbon or an optically active and optionally substituted heterocyclic group containing an asym-
metric carbon.

[0046] Therefore, R2is an optically active "optionally substituted hydrocarbon group" or an optically active "optionally
substituted heterocyclic group" from among the aforementioned "optionally substituted hydrocarbon group" and "op-
tionally substituted heterocyclic group”, preferably an optically active "optionally substituted hydrocarbon group" or an
optically active "optionally substituted heterocyclic group" containing an asymmetric carbon.

[0047] As used herein, the "optically active and optionally substituted hydrocarbon group" means (1) a group without
a substituent or having a substituent without optical activity, wherein the hydrocarbon moiety is optically active, or (2)
a group having an optically active substituent, wherein the hydrocarbon moiety is free of optical activity, with preference
given to (1).

[0048] In addition, the "optically active and optionally substituted heterocyclic group" means (3) a group without a
substituent or having a substituent without optical activity, wherein the heterocyclic moiety is optically active, or (4) a
group having an optically active substituent, wherein the heterocyclic moiety is free of optical activity, with preference
given to (3).

[0049] When R2 contains an asymmetric carbon, the position of the asymmetric carbon is not particularly limited but
the a-position of a carbonyl group is preferable.

[0050] As the group represented by the formula

RT——SOZ—IIJ—RZ

, the groups represented by the formulas (A)-(C) and the like are preferable.

(1) A group represented by the formula

R3

A

: (A)
R soz—rI\t—Ar

wherein R3 and R4 are the same or different and each is an optionally substituted hydrocarbon group or an optionally
substituted heterocyclic group, R3 and R4 may form an optionally substituted cyclic group together with an adjacent
carbon atom, Ar is an optionally substituted hydrocarbon group or an optionally substituted heterocyclic group,
and the symbol

—AA,
indicates a racemate.
(2) A group represented by the formula

o)
| -
N C—R

wherein RS is an optionally substituted hydrocarbon group, an optionally substituted heterocyclic group, a group
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represented by the formula -OR8 (R® is a hydrogen atom or an optionally substituted aliphatic hydrocarbon group),
a group represented by the formula -NR7R8 (R7 and R8 are the same or different and each is a hydrogen atom or
an optionally substituted aliphatic hydrocarbon group,

Arlis an optionally substituted aromatic hydrocarbon group, ring A may be further substituted, n is an integer of
1-4, and the symbol

—~

indicates a racemate.

(3) A group represented by the formula

o
I ]
C-OR
. (©)
50,~N-Ar

wherein R9 is a C4_g alkyl group, Ar2 is a Cg4_14 aryl group optionally having a halogen atom, and the symbol
—AN
indicates a racemate.
[0051] The groups of the diastereomer corresponding to the groups represented by these (A)-(C) show groups rep-
resented by the following (A")-(C").

(1) A group represented by the formula
A (A"
R SO,~N—Ar

wherein * shows the position of an asymmetric carbon and other symbols are as defined above.
(2) A group represented by the formula (B')

i
. 5
R C-R
A
2/n ‘ (B’)
f\s%—T—AH

wherein * shows the position of an asymmetric carbon and other symbols are as defined above.
(3) A group represented by the formula (C')
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i
c-oR*
(C")

wherein *# shows the position of an asymmetric carbon and other symbols are as defined above.
[0052] As RaCO-, for example,

(1) a group represented by the formula

R CO-
(IITaa)
OR°

wherein RP is a Cg_14 aryl group and R¢ is a C4_g alkanoyl group,
(2) a group represented by the formula

co-

d

Ri00C” Y (11Ibb)
Re

wherein Rd and Re are the same or different and each is a C4_4 alkyl group,
(3) a group represented by the formula

f

R —
YCO (I1Icc)

" OR?

wherein Rfis a C4_44 aryl group and R9is a C4_4 alkyl group, (4) a 5- or 6-membered oxygen-containing heterocyclic
group (preferably an oxygen-containing non-aromatic heterocyclic group containing one or two oxygen atoms),
such as a group represented by the formula

(3.__ (IIldd) ,

0

(5) a group represented by the formula
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Rh
\.\)/ (I1lee)
R

wherein R" and R are the same or different and each is a C,_g alkyl group or a C_4 alkoxy group,
(6) a group represented by the formula

Ri
@\ (111§f)
~
0
R*.

wherein Ri and Rk are the same or different and each is a C4_g alkyl group, and the like are used.
[0053] Of these, a group represented by the formula

R _
YCO (I11aa)

wherein each symbol is as defined above, a group represented by the formula

d CO"‘
Rl00c” Y (I1Ibb)
Re

wherein each symbol is as defined above and the like are preferable.
[0054] Thatis, as a compound represented by the formula

R®-COOH

wherein R2@ is as defined above,

(1) a compound represented by the formula

b
R COOH
Y (111a)

OR®

wherein RP is a Cg_14 aryl group and R¢ is a C4_g alkanoyl group,

(D)
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(2) a compound represented by the formula

. COOH
Rl00Cc” Y (I1Ib)
Re

wherein Rd and Re are the same or different and each is a C;_4 alkyl group and the like are preferable.
[0055] As a compound represented by the formula

R?-COOH (mny,

an optically active compound containing an asymmetric carbon at the a-position of carboxyl group is preferable.

Explanation of partial structure (A)

[0056] As the "optionally substituted hydrocarbon group" and the "optionally substituted heterocyclic group" repre-
sented by R3 and R4, those as mentioned above are used.

[0057] As the "cyclic group” of the "optionally substituted cyclic group" formed by R3 and R4 together with the adjacent
carbon atom, a 3- to 10-membered carbocyclic group, a 3- to 9-membered heterocyclic group containing, besides
carbon atoms, 1 to 4 hetero atoms such as a nitrogen atom, an oxygen atom, a sulfur atom and the like, and the like
are used.

[0058] As the 3- to 10-membered carbocyclic group, a Cs_; cycloalkyl group (e.g., a cyclopropyl group, a cyclobutyl
group, a cycloheptyl group, a cyclohexyl group), a C5_; cycloalkenyl group (e.g., a 2-cyclohexenyl group), a Cg_4¢ aryl
group (e.g., a phenyl group, a naphthyl group) and the like are used, of which a C5_; cycloalkenyl group is preferable
and a 2-cyclohexenyl group is particularly preferable.

[0059] As the 3- to 9-membered heterocyclic group containing, besides carbon atoms, 1 to 4 hetero atoms such as
a nitrogen atom, an oxygen atom, a sulfur atom and the like, for example, a pyrrolyl group, a pyrazolyl group, an
imidazolyl group, a 1,2,3-triazolyl group, a 1,2,4-triazolyl group, a tetrazolyl group, a furyl group, a thienyl group, an
oxazolyl group, an isoxazolyl group, a 1,2,3-oxadiazolyl group, a 1,2,4-oxadiazolyl group, a 1,2,5-oxadiazolyl group,
a 1,3,4-oxadiazolyl group, a thiazolyl group, an isothiazolyl group, a 1,2,3-thiadiazolyl group, a 1,2,4-thiadiazolyl group,
a 1,2,5-thiadiazolyl group, a 1,3,4-thiadiazolyl group, a pyridyl group, a pyridazinyl group, a pyrimidinyl group, a pyrazi-
nyl group, an indolyl group, a pyranyl group, a thiopyranyl group, a dioxinyl group, a dioxolyl group, a quinolyl group,
a pyrido[2,3-d]pyrimidinyl group, 1,5-, 1,6-, 1,7-, 1,8-, 2,6- or 2,7-naphthyridyl group, a thieno[2,3-d]pyridyl group, a
benzopyranyl group, a tetrahydrofuryl group, a tetrahydropyranyl group, a dioxolanyl group, a dioxanyl group and the
like are used, of which a 5- or 6-membered heterocyclic group is preferable.

[0060] As the substituent of the cyclic group formed by R3 and R4 together with the adjacent carbon atom, an op-
tionally substituted hydrocarbon group (e.g., an optionally substituted aliphatic hydrocarbon group, an optionally sub-
stituted aromatic hydrocarbon group), an optionally substituted heterocyclic group, a group represented by -C(=0)-R%
(RS is an optionally substituted hydrocarbon group or an optionally substituted heterocyclic group), a group represented
by -C(=0)-OR® (R6 is an optionally substituted aliphatic hydrocarbon group, an optionally substituted aromatic hydro-
carbon group or an optionally substituted heterocyclic group), a group represented by -C(=0)-NR7R8 (R7 and R8 are
the same or different and each is a hydrogen atom or an optionally substituted hydrocarbon group) and the like are
used. While the number of the substituents is not particularly limited, it is, for example, 1 to 3.

[0061] As these "optionally substituted hydrocarbon group", "optionally substituted aliphatic hydrocarbon group”,
"optionally substituted aromatic hydrocarbon group" and "optionally substituted heterocyclic group”, those similar to
the aforementioned are used.

[0062] As the "optionally substituted hydrocarbon group" and the "optionally substituted heterocyclic group” repre-
sented by Ar, those similar to the aforementioned are used.

Explanation of partial structure (B)

[0063] As the "optionally substituted hydrocarbon group" and "optionally substituted heterocyclic group" represented
by R5, those similar to the aforementioned are used.
[0064] As the "optionally substituted aliphatic hydrocarbon group" represented by R8, R7 and R8, those similar to the
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aforementioned are used.

[0065] As the RS, a group represented by the formula -OR® (RS is as defined above) is preferable.

[0066] As the RS, for example, an optionally substituted lower alkyl group having 1 to 6 carbon atoms (e.g., a methyl
group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, an isobutyl group, a tert-butoxycarbo-
nylmethyl group, a hydroxyethyl group and the like) and the like are preferably used. Of these, for example, a methyl
group, an ethyl group, an n-propyl group, an isopropyl group, an n-butyl group, an isobutyl group and the like are
preferably used. Among these, for example, a methyl group, an ethyl group, an n-propyl group and the like are pref-
erable. Particularly, an ethyl group and the like are preferable.

[0067] As the "optionally substituted aromatic hydrocarbon group" represented by Ar?, those similar to the afore-
mentioned are used.

[0068] Typically, as Ar', for example, a phenyl group, a halogenophenyl group, a lower (C4_4) alkyl-phenyl group, a
lower (C4_4) alkoxy-phenyl group, a lower (C,_4) alkoxy-carbonylphenyl group, a carboxylphenyl group, a nitrophenyl
group, a cyanophenyl group, a halogeno-lower (C,_,) alkyl-phenyl group, a halogeno-lower (C,_4) alkoxy-phenyl group,
a lower (C4_4) alkanoyl-phenyl group, a phenyl group substituted by a 5-membered aromatic heterocycle, a lower (C;_4)
alkoxy-carbonyl-lower (C,_4) alkyl-carbamoylphenyl group, 1,3-diacylguanidino-lower (C,_4) alkylphenyl group, a phe-
nyl group substituted by halogen or lower (C4_4) alkyl, a phenyl group substituted by a halogen and a lower (C;_)
alkoxycarbonyl, a phenyl group substituted by a halogen and a cyano, a phenyl group substituted by a halogen and a
5-membered aromatic heterocycle, a phenyl group substituted by a halogen and a lower (C,_,) alkoxycarbonyl-lower
(C4_4) alkylcarbamoyl and the like are used.

[0069] As the halogenophenyl group, for example, a 2,3-difluorophenyl group, a 2,3-dichlorophenyl group, a 2,4-di-
fluorophenyl group, a 2,4-dichlorophenyl group, a 2,5-difluorophenyl group, a 2,5-dichlorophenyl group, a 2,6-difluor-
ophenyl group, a 2,6-dichlorophenyl group, a 3,4-difluorophenyl group, a 3,4-dichlorophenyl group, a 3,5-difluorophenyl
group, a 3,5-dichlorophenyl group, a 2-fluorophenyl group, a 2-chlorophenyl group, a 3-fluorophenyl group, a 3-chlo-
rophenyl group, a 4-fluorophenyl group, a 4-chlorophenyl group, a 2-fluoro-4-chlorophenyl group, a 2-chloro-4-fluor-
ophenyl group, a 4-bromo-2-fluorophenyl group, a 2,3,4-trifluorophenyl group, a 2,4,5-trifluorophenyl group, a 2,4,6-tri-
fluorophenyl and the like are used.

[0070] As the lower (C4_4) alkyl-phenyl group, for example, a 2-ethylphenyl group, a 2,6-diisopropylphenyl group and
the like are preferably used, and as the lower (C4_4) alkoxy-phenyl group, for example, a 4-methoxyphenyl and the like
are preferably used.

[0071] As the lower (C4_4) alkoxy-carbonylphenyl group, for example, a 2-ethoxycarbonylphenyl group, a 2-methox-
ycarbonylphenyl group, a 4-methoxycarbonylphenyl group and the like are preferably used, and as the halogeno-lower
(C4.4) alkyl-phenyl group, for example, a 2-trifluoromethylphenyl group and the like are preferably used, and as the
halogeno-lower (C4_4) alkoxyphenyl group, for example, a 2-trifluoromethoxyphenyl group, a 4-(2,2,3,3,3-pentafluoro-
propoxy)phenyl group and the like are preferably used.

[0072] As the lower (C4_4) alkanoyl-phenyl group, for example, a 2-acetylphenyl group and the like are preferably
used, and as the phenyl group substituted by a 5-membered aromatic heterocycle, for example, a 4-(2H-1,2,3-triazol-
2-yl)phenyl group, a 4-(2H-tetrazol-2-yl)phenyl group, a 4-(1H-tetrazol-1-yl)phenyl group, a 4-(1H-1,2,3-triazol-1-yl)
phenyl group and the like are preferably used, and as the lower (C,_4) alkoxy-carbonyl-lower (C,_,) alkyl-carbamoyl-
phenyl group, for example, a 4-(N-ethoxycarbonylmethylcarbamoyl)phenyl group and the like are preferably used, and
as the 1,3-diacylguanidino-lower (C,_4) alkyl-phenyl group, for example, a 4-(1,3-bis-(tert-butoxycarbonyl)guanidi-
nomethyl)phenyl group and the like are preferably used.

[0073] As the phenyl group substituted by halogen and lower (C,_4) alkyl, for example, a 2-fluoro-4-methylphenyl
group, a 2-chloro-4-methylphenyl group, a 4-fluoro-2-methylphenyl group and the like are preferably used, and as the
phenyl group substituted by halogen and lower (C4_4) alkoxy-carbonyl, for example, a 2-chloro-4-methoxycarbonyl-
phenyl group and the like are preferably used, and the phenyl group substituted by halogen and cyano, a 2-chloro-
4-cyanophenyl group and the like are preferably used, and as the phenyl group substituted by a halogen and a 5-mem-
bered aromatic heterocycle, for example, a 2-fluoro-4-(1H-1,2,4-triazol-1-yl)phenyl group and the like are preferably
used, and as the phenyl group substituted by a halogen and a lower (C,_4) alkoxy-carbonyl-lower (C,_4) alkyl-carbamoyl,
such as a 2-chloro-4-(N-tert-butoxycarbonylmethylcarbamoyl)phenyl group, a 2-chloro-4-(N-ethoxycarbonylmethylcar-
bamoyl)phenyl group and the like are preferably used.

[0074] As Ar', a phenyl group, a halogenophenyl group, a lower (C,_4) alkyl-phenyl group, a phenyl group substituted
by a halogen and a lower (C,_4) alkyl, a phenyl group substituted by a phenyl group substituted by a halogen and a
lower (C,_ 4)alkoxy-carbonyl, and the like are preferably used.

[0075] As more preferable Ar!, a phenyl group, a phenyl (halogenophenyl) group substituted by 1 to 3 (particularly
1 or 2) halogen atoms (e.g., a 2,3-difluorophenyl group, a 2,3-dichlorophenyl group, a 2,4-difluorophenyl group, a
2,4-dichiorophenyl group, a 2,5-difluorophenyl group, a 2,5-dichlorophenyl group, a 2,6-difluorophenyl group, a
2,6-dichlorophenyl group, a 3,4-difluorophenyl group, a 3,4-dichlorophenyl group, a 3,5-difluorophenyl group, a
3,5-dichlorophenyl group, a 4-bromo-2-fluorophenyl group, a 2-fluorophenyl group, a 2-chlorophenyl group, a 3-fluor-
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ophenyl group, a 3-chlorophenyl group, a 4-fluorophenyl group, a 4-chlorophenyl group, a 2-fluoro-4-chlorophenyl
group, a 2-chloro-4-fluorophenyl group, a 2,3,4-trifluorophenyl group, a 2,4,5-trifluorophenyl group and the like), a
phenyl group substituted by halogen and lower (C,_4) alkyl (e.g., a 2-chloro-4-methylphenyl group, a 4-fluoro-2-meth-
ylphenyl group and the like), etc. are preferable. Of these, a phenyl (halogenophenyl) group substituted by 1 to 3
(particularly 1 or 2) halogen atoms (e.g., a 2,3-dichlorophenyl group, a 2,4-difluorophenyl group, a 2,4-dichlorophenyl
group, a 2,6-dichlorophenyl group, a 2-fluorophenyl group, a 2-chlorophenyl group, a 3-chlorophenyl group, a 2-chloro-
4-fluorophenyl group, a 2,4,5-trifluorophenyl group and the like), a phenyl group substituted by halogen and lower
(C4.4) alkyl (e.g., a 2-chloro-4-methylphenyl group, a 4-fluoro-2-methylphenyl group and the like), and the like are more
preferable.

[0076] As Arl, a group represented by the formula

(R*)n

wherein R7 and R8 are the same or different and each is a halogen atom or a lower alkyl group and n is an integer
of 0-2, and the like are preferable, and the group wherein at least one of R7 and R8 is a halogen atom is more preferable.
As the halogen atom represented by R7 and R8, fluorine atom or chlorine atom is preferable.
[0077] As the integer of 1-4 represented by n is preferably 1-3, particularly preferably 2.
[0078] As the group represented by the formula

AN
(CH,), A

wherein n is as defined above, a group represented by the formula

is preferable.

[0079] As the substituent that the ring A may have, those similar to the "substituent" of the aforementioned "optionally
substituted hydrocarbon group” are used, of which one or two C_g alkyl groups (e.g., a methyl group, an ethyl group,
a propyl group), a Cg_44 aryl group (e.g., a phenyl group), a halogen atom (e.g., fluorine atom, chlorine atom, bromine
atom) and the like are preferable.

Explanation of partial structure (C)

[0080] As the C,_galkyl group represented by R9, a methyl group, an ethyl group, a propyl group, an isopropyl group,
a butyl group, a isobutyl group, a sec-butyl group, a tert-butyl group, a pentyl group, a hexyl group and the like are
used. Of these, a C4_4 alkyl group such as a methyl group, an ethyl group, a propyl group, an isopropyl group and the
like is preferable, and an ethyl group is particularly preferable.

[0081] As the Cg ¢4 aryl group represented by Ar2, a phenyl group, a naphthyl group and the like are used, and a
phenyl group is preferable. The Cq_4,4 aryl group may have 1 to 4 halogen atoms and as the halogen atom, for example,
fluorine atom, chlorine atom, bromine atom and iodine atom are used. Of these, fluorine atom, chlorine atom and the
like are preferable.

[0082] Asthe Ar2, aphenyl group, a 2,3-difluorophenyl group, a 2,3-dichlorophenyl group, a 2,4-difluorophenyl group,
a 2,4-dichlorophenyl group, a 2,5-difluorophenyl group, a 2,5-dichlorophenyl group, a 2,6-difluorophenyl group, a
2,6-dichlorophenyl group, a 3,4-difluorophenyl group, a 3,4-dichlorophenyl group, a 3,5-difluorophenyl group, a
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3,5-dichlorophenyl group, a 2-fluorophenyl group, a 2-chlorophenyl group, a 3-fluorophenyl group, a 3-chlorophenyl
group, a 4-fluorophenyl group, a 4-chlorophenyl group, a 2-fluoro-4-chlorophenyl group, a 2-chloro-4-fluorophenyl
group, a 4-bromo-2-fluorophenyl group, a 2,3,4-trifluorophenyl group, a 2,4,5-trifluorophenyl group, a 2,4,6-trifluoroph-
enyl and the like are specifically used. Of these, a 2,3-dichlorophenyl group, a 2,4-difluorophenyl group, a 2,4-dichlo-
rophenyl group, a 2,6-dichlorophenyl group, a 2-fluorophenyl group, a 2-chlorophenyl group, a 3-chlorophenyl group,
a 2-chloro-4-fluorophenyl group, a 2,4,5-trifluorophenyl group and the like are preferable, and a 2-fluoro-4-chlorophenyl
group is particularly preferable.

Explanation of (lllaa) - (llIff)

[0083] As the Cq 44 aryl group represented by R, a phenyl group, a naphthyl group and the like are used. Of these,
a phenyl group is preferable.

[0084] As the C,_g alkanoyl group represented by R¢, a formyl group, an acetyl group, an ethylcarbonyl group and
the like are used. Of these, an acetyl group is preferable.

[0085] Asthe C4_4alkyl group represented by R4 and Re, a methyl group, an ethyl group, a propyl group, an isopropyl
group, a butyl group, an isobutyl group, a sec-butyl group and a tert-butyl group are used. Of these, a methyl group,
an ethyl group, a propyl group and the like are preferable, and a methyl group is particularly preferable.

[0086] As the Cq_q4 aryl group represented by Rf, a phenyl group, a naphthyl group and the like are used. Of these,
a phenyl group is preferable.

[0087] Asthe C4_4 alkyl group represented by R9, a methyl group, an ethyl group, a propyl group, an isopropy! group,
a butyl group, an isobutyl group, a sec-butyl group and a tert-butyl group are used. Of these, a methyl group, an ethyl
group, a propyl group and the like are preferable, particularly a methyl group is preferable.

[0088] Asthe C,_g alkyl group represented by R" and R, a methyl group, an ethyl group, a propyl group, an isopropyl
group, a butyl group, an isobutyl group, a sec-butyl group, a tert-butyl group and the like are used. Of these, a methyl
group, an ethyl group, a propyl group and the like are preferably, and a methyl group is particularly preferable.
[0089] As the C4_4 alkoxy group represented by R and R/, a methoxy group, an ethoxy group, a propoxy group and
the like are used. Of these, a methoxy group, an ethoxy group and the like are preferable, and a methoxy group is
particularly preferable.

[0090] As the C,_g alkyl group represented by Ri and Rk, a methyl group, an ethyl group, a propyl group, an isopropyl
group, a butyl group, an isobutyl group, a sec-butyl group, a tert-butyl group and the like are used. Of these, a methyl
group and the like are preferable as Ri, and isopropyl group and the like are preferable as Rk.

[0091] As the Ra3CO-, for example, a group represented by the formula

CO-—

, or a group represented by the formula

co-
CHsooc/Y
CH,

and the like are preferable.
~—~AM,
indicates a racemate.
* shows the position of an asymmetric carbon.
[0092] As the compound (V) obtained by the production method of the present invention, for example, (1) (6R)-6-(
{2,4-difluoroanilino}sulfonyl)-1-cyclohexene-1-carboxylic acid ethyl ester, (2) (6R)-6-({2-chloro-4-fluoroanilino}sulfo-
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nyl)-1-cyclohexene-1-carboxylic acid ethyl ester and the like are preferable.
[0093] The production method of the present invention is explained in the following.

Reaction formula 1

R*~COOH (III) , )
R'—S0,~N-R

R'-50,-NH-R? - (1)
Reaction 1
(I1) 0~ "R®
ol . . deacyla-
g?s U-{diastereomer (IV) wherein | tion
10N _ |steric configuration of — > R"-S5Q0.—-NH-R®
asymmetric carbon for R} tion 2 2 '
or R2 is R or s Reaction (V)

Explanation of Reaction 1

Reaction 1-1

[0094] By reacting compound (lll), a salt thereof or a reactive derivative thereof with racemate (ll) or a salt thereof
in the presence or absence of, for example, a base, diastereomeric mixture (I) or a salt thereof can be produced.

(1) Activation of compound (lll) or a salt thereof

[0095] As a reactive derivative of compound (lll) or a salt thereof, for example, an acid halide (e.g., an acid chloride
and the like), an acid anhydride and the like are used.

[0096] When compound (lll) or a salt thereof is activated to give a reactive derivative, for example, a halogen com-
pound (e.g., thionyl chloride, phosphorus trichloride, oxalyl chloride and the like), an alkyl halogenocarbonate (e.g.,
ethyl chlorocarbonate and the like), an acid chloride substituted by a-polyalkyl (e.g., trimethylacetyl chloride and the
like) and the like are used as an activator, of which thionyl chloride and oxalyl chloride are preferable.

[0097] As a reaction solvent, for example, aliphatic hydrocarbons such as hexane, heptane and the like; aromatic
hydrocarbons such as toluene, xylene and the like; ethers such as THF, diethyl ether and the like; halogenated solvents
such as dichloromethane, chloroform and the like; esters such as ethyl acetate and the like; ketones such as acetone,
methylethylketone and the like; polar solvents such as acetonitrile and the like; and the like are used, and toluene,
THF and the like are preferably used. These solvents may be mixed and used at an arbitrary proportion but may not
be used.

[0098] The reaction temperature is generally about -50°C-100°C, preferably about -20-50°C.

[0099] The reaction time is generally about 0.1-100 hr, preferably about 0.5-50 hr.

[0100] The amount to be used of the compound (lll) or a salt thereof is generally about 0.1-10 equivalent amount,
preferably about 1-5 equivalent amount relative to the activator.

[0101] As the base, for example, organic bases such as triethylamine, pyridine, DBU and the like; inorganic bases
such as sodium hydroxide, potassium carbonate and the like; and the like may be used or a base may not be used.

(2) Reaction 1

[0102] As the base, for example, an organic base such as triethylamine, pyridine, DBU and the like; an inorganic
base such as sodium hydroxide, potassium carbonate and the like; and the like are used, and pyridine is preferably
used.

[0103] The amount of the base is generally about 0.1-100 equivalent amount, preferably about 1-10 equivalent
amount, relative to racemate (Il) or a salt thereof.

[0104] The reaction solvent, reaction temperature and reaction time are those similar to the aforementioned (1).
[0105] The amount of compound (lll) or a salt thereof to be used is generally about 0.1-10 equivalent amount, pref-
erably about 1-5 equivalent amount, relative to racemate (II) or a salt thereof.
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Reaction 1-2

[0106] By reacting compound (lll), a salt thereof or a reactive derivative thereof with racemate (Il) or a salt thereof
in the presence or absence of a base or in the presence or absence of an additive using a condensation agent, a
diastereomeric mixture (l) or a salt thereof can be produced.

[0107] Asthe condensation agent, forexample, N,N-dicyclohexylcarbodiimide, 1-ethyl-3-(3-dimethylaminopropylcar-
bodiimide, diethyl cyanophosphate, diphenylphosphorylazide, carbodiimidazole and the like are used.

[0108] As the additive, for example, 1-hydroxybenzotriazole, N-hydroxysuccinimide and the like are used.

[0109] As the reaction solvent, for example, an aliphatic hydrocarbon such as hexane, heptane and the like; an
aromatic hydrocarbon such as toluene, xylene and the like; an ether such as THF, diethyl ether and the like; a halo-
genated solvent such as dichloromethane, chloroform and the like; an ester such as ethyl acetate; a ketone such as
acetone, methyl ethyl ketone and the like; a polar solvent such as acetonitrile, dimethyl sulfoxide, N,N-dimethylforma-
mide, N-methylpyrrolidone and the like; and the like are used. These solvents may be mixed and used at an arbitrary
proportion.

[0110] The reaction temperature is generally about -10°C-100°C, preferably about 0-50°C.

[0111] The reaction time is generally about 0.1-100 hr, preferably about 0.5-50 hr.

[0112] The amount of compound (lIl) or a salt thereof to be used is generally about 0.1-10 equivalent amount, pref-
erably about 1-5 equivalent amount, relative to racemate (Il) or a salt thereof.

[0113] As the base, for example, an organic base such as triethylamine, pyridine, DBU and the like; an inorganic
base such as sodium hydroxide, potassium carbonate and the like; and the like are used.

[0114] The amount of the base is, for example, about 0.1-100 equivalent amount, preferably 1-10 equivalent amount,
relative to racemate (II) or a salt thereof.

Explanation of resolution

[0115] The diastereomeric mixture (l) or a salt thereof obtained in reaction 1 is resolved by, for example, solvent
extraction, liquid exchange, phase transfer, salting out, crystallization, recrystallization, chromatography and the like
to give diastereomer (1V).

Explanation of Reaction 2

[0116] The diastereomeric mixture (IV) or a salt thereof obtained in reaction 1 is deacylated to give compound (V)
or a salt thereof.

[0117] As the reaction solvent, for example, aliphatic hydrocarbons such as hexane, heptane and the like, aromatic
hydrocarbons such as toluene, xylene and the like, ethers such as THF, diethyl ether and the like, a halogenated solvent
such as dichloromethane, chloroform and the like, esters such as ethyl acetate, ketones such as acetone, methyl ethyl
ketone and the like, a polar solvent such as acetonitrile, dimethyl sulfoxide, N,N-dimethylformamide, N-methylpyrro-
lidone and the like, a primary alcohol such as methanol, ethanol and the like, a secondary alcohol such as isopropyl
alcohol, isobutanol and the like, a tertiary alcohol such as tert-butanol, water and the like are used, and an organic
solvent-water mixture such as a THF-water mixture and a toluene-water mixture are preferable.

[0118] The reaction temperature is generally about -50°C - 100°C, preferably -20°C - 20°C.

[0119] The reaction time is generally about 0.1 - 100 hr, preferably about 0.5 - 50 hr.

[0120] As the base, for example, an organic base such as triethylamine, pyridine, DBU and the like; alkaline metal
hydroxides such as sodium hydroxide, lithium hydroxide and the like; alkaline earth metal hydroxides such as barium
hydroxide and the like; alkaline metal carbonates such as sodium carbonate, potassium carbonate and the like; alkaline
earth metal carbonates such as barium carbonate and the like; inorganic bases such as aqueous ammonia and the
like; and the like are used, and sodium hydroxide, potassium hydroxide, barium hydroxide, aqueous ammonia and the
like are preferably used.

[0121] As the base for the deacylation, barium hydroxide, sodium hydroxide, aqueous ammonia and the like are
preferable.

[0122] The amount of the base is generally about 0.1 - 100 equivalent amount, preferably 1 - 50 equivalent amount,
relative to diastereomeric mixture (I) or a salt thereof.

[0123] The compounds (l) - (V) may be converted to a salt with an inorganic base, organic base, inorganic acid,
organic acid, basic or acidic amino acid, and the like. As a salt with an inorganic base, for example, an alkaline metal
salt such as sodium salt, potassium salt, etc.; an alkaline earth metal salt such as calcium salt, magnesium salt, etc.;
aluminum salt and ammonium salt, and the like, is used, and, as a salt with an organic base, for example, a salt with
trimethylamine, triethylamine, pyridine, picoline, ethanolamine, diethanolamine, triethanolamine, dicyclohexylamine,
N,N'-dibenzylethylenediamine, etc. is used. As a salt with an inorganic acid, for example, a salt with hydrochloric acid,
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hydrobromic acid, nitric acid, sulfuric acid, phosphoric acid, etc. is used, and as a salt with an organic acid, for example,
a salt with formic acid, acetic acid, trifluoroacetic acid, fumaric acid, oxalic acid, tartaric acid, maleic acid, citric acid,
succinic acid, malic acid, methanesulfonic acid, benzenesulfonic acid, p-toluenesulfonic acid, etc. is used. As a salt
with a basic amino acid, for example, a salt with arginine, lysine, ornithine, etc. is used, and as a salt with acidic amino
acid, for example, a salt with aspartic acid, glutamic acid, and the like, is used.

[0124] The racemate (ll), a salt thereof, compound (Ill) and a salt thereof, which are starting material compounds,
can be produced according to a method known per se or a similar method.

[0125] In the above-mentioned Reaction formula 1, a compound wherein the group represented by the formula

W;sq—w—ﬁ

is a group represented by the formula

R

R S%—T—Ar

wherein each symbol is as defined above, is used, the following Reaction formula 2 applies.

Reaction formula 2

R? R
/iw R'*—COOH (III) /JW
P 4
R SO,~NH-AT ‘ > R SO,=N—-Ar (Ia)
Reaction 1 4i\
(11a) 0~ "Rr?
R3 3
resolu- deacyla- R
tion ;ﬁL\ tion /iL\
Seindain® =4 . —_—
'R SO,~N—Ar Reaction 2 R* SO,~NH—Ar
0~ "R® (Va)
(Iva)

wherein each symbol is as defined above.
[0126] Inthe above-mentioned Reaction formula 1, when a compound wherein the group represented by the formula

W—s%—w—#

is a group represented by the formula
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i

5

_ X C—R

ZnA y, 1 (B)
,SOZ—-T—A:’

wherein each symbol is as defined above, is used, the following Reaction formula 3 applies.

Reaction formula 3

. @

$

Xy O R R‘~COOH (III) Xy ¢ R
(CH,), A > (CH), A
S0,~NH-Ar' Reaction 1 SO,~N—Ar'
(IIb) 0o Rt
(Ib)

] S

—p! 5
resolu- AN C-R d@acy]_a— SN C—R
tion (CH), A tion (CH). A
— % e 175 ;

SO,~N—Ar' Reaction 2 SO,~NH—AT'

i

0”7 R
(1Vb) (Vb)

wherein each symbol is as defined above.
[0127] Inthe above-mentioned Reaction formula 1, when a compound wherein the group represented by the formula

W—sofﬁ—Rz

is a group represented by the formula

i
C-OR’

(C)
S%—T—Arz

wherein each symbol is as defined above, is used, the following Reaction formula 4 applies.
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Reaction formula 4

i i
| . g
C-OR R:~COOH (III) C-OR
SOZ"NH-AFZ Reaction 1 SOZ--N-—-Ar2
(Ic)
i
resolu- C-OR’ deacyla- c-or’
tion tion
$0,~N—Ar? Reaction 2 - TS0,-NH—-Ar?
07 "R®
(Ve)
(1Vc)

wherein each symbol is as defined above.

[0128] The above-mentioned Reaction formula 2-4 can be carried out under the same conditions as for Reaction
formula 1.

[0129] The compound represented by the formula which is used for the production method of the present invention

o)

Il s
X C—R

(CHy), A (Ivb)
.
* S0,~N—Ar'

o~ "R®

wherein each symbol is as defined above, or a salt thereof is a novel compound.

[0130] In the present invention, optically active compound (V) and a salt thereof can be also produced by the action
of hydrolase on diastereomeric mixture () or a salt thereof.

[0131] As the hydrolase to be used for the hydrolysis reaction, hydrolase derived from microorganisms, such as
bacteria (the genera Pseudomonas, Streptomyces, Bacillus, Acetobacterand Alcaligenes), fungus (the genera Candida
and Trichosporon), animal cell (pig hepatic cell, pig pancreatic cell) and the like is used.

[0132] As the hydrolase, a culture product of a microorganism can be used as it is, but where necessary, purification
may be applied. For example, for isolation of hydrolase from bacteria, the following steps can be applied according to
a method known per se.

1) Bacteria is cultured by a conventional method to give a culture broth, which is subjected to centrifugal separation

to give a culture supernatant and a fungus body.
2) The fungus body disrupted by ultrasonication, French press, alumina crushing, fungus body enzyme treatment
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and the like and separated by centrifugation to give a cell extract.

3) The above-mentioned culture supernatant and cell extract are subjected to precipitation with organic solvent,
fractionation with ammonium sulfate, ion exchange chromatography, adsorption chromatography, gel permeation,
affinity chromatography and the like to give a purified product of esterase. The esterase to be used for this reaction
may be an unpurified product, a partially purified product or a purified single product. This esterase may be used
as it is or may be immobilized on a suitable carrier. As the carrier, for example, polysaccharide derivatives such
as cellulose and the like, amino acid copolymer, synthetic polymer, activated carbon, porous glass, diatomaceous
earth, alumina, silica gel and the like are used.

[0133] Asthe hydrolase, for example, carboxy esterase, allyl esterase, choline esterase, lipase and the like are used,
with preference given to lipase. For example, a lipase derived from bacteria such as the genera Pseudomonas, Alca-
ligenes and the like is used.

[0134] As the hydrolase to be used in the present invention, a commercially available product can be used. For
example, PS, PS-D and PS-C (derived from the genus Pseudomonas, produced by Amano Pharmaceutical Co., Ltd.),
AK-20 (derived from the genus Pseudomonas, produced by Amano Pharmaceutical Co., Ltd.), AH (derived from the
genus Pseudomonas, produced by Amano Pharmaceutical Co., Ltd.), Lipase QL, QLC, QLG (derived from the genus
Alcaligenes, produced by Meito Sangyo Co., Ltd.) and the like are preferably used.

[0135] This hydrolysis reaction is characterized by deacylation of one acyl moiety on a carboxy of the optically active
form of the diastereomeric mixture () or a salt thereof, which is more rapid than the deacylation of the other. As a result,
a mixture of the deacylated optically active compound (V) or a salt thereof and the non-deacylated diastereomer or a
salt thereof is obtained. They both can be isolated and purified by a method known per se, such as solvent extraction,
liquid exchange, phase transfer, salting out, crystallization, recrystallization and chromatography and separated.
[0136] In the hydrolysis reaction, the amount of the hydrolase to be used varies depending on the kind thereof, form
(e.g., immobilization) and the like, and is not particularly limited. However, it is about 0.001-fold to about 100-fold,
preferably about 0.1-fold to about 10-fold (all in by weight), relative to diastereomeric mixture () or a salt thereof.
[0137] The reaction temperature is generally about 0°C-about 80°C, preferably about 15°C -about 50°C, more pref-
erably about 15°C -35°C.

[0138] The reaction time is generally about 10 min - about 100 hr, preferably about 1 hr - about 72 hr.

[0139] The hydrolysis'reaction may be carried out in the presence of, for example, an additive such as an enzyme
stabilizer, a water substitute (e.g., ethylene glycol) and the like.

[0140] The hydrolysis reaction proceeds both in water and an organic solvent. As the organic solvent, for example,
a hydrocarbon solvent (e.g., hexane, pentane, cyclohexane and the like), an amide solvent (e.g., N,N-dimethylforma-
mide (DMF), N,N-dimethylacetamide, N-methylpyrrolidone and the like), an aromatic hydrocarbon solvent (e.g., tolu-
ene, benzene, chlorobenzene and the like), an aliphatic ester solvent (ethyl acetate, propyl acetate, butyl acetate and
the like), an ether solvent (diisopropyl ether, tert-butylmethyl ether, diethyl ether, tetrahydrofuran, 1,4-dioxane,
1,2-dimethoxyethane and the like), a halogenated hydrocarbon solvent (chloroform, dichloromethane, 1,2-dichlo-
roethane, carbon tetrachloride), an alcohol solvent (methanol, ethanol, isopropanol, tert-butanol and the like), a ketone
solvent (e.g., acetone, methyl ethyl ketone and the like), a sulfoxide solvent (e.g., dimethyl sulfoxide and the like), a
nitrile solvent (e.g., acetonitrile, propionitrile and the like) and the like are exemplified. These solvents may be used
alone or used as a mixed solvent. Preferably, diisopropyl ether, tert-butylmethyl ether, tetrahydrofuran, acetone, ace-
tonitrile and the like are used.

[0141] Inthe hydrolysis reaction, the concentration of diastereomeric mixture (I) or a salt thereof is about 0.1%-about
50%, preferably about 1%-about 30%.

[0142] For advantageous progress of this reaction, addition of water or alcohol is effective. When water is added, a
hydrolysis reaction proceeds and when alcohol is added, alcoholysis proceeds.

[0143] As the alcohol, methanol, ethanol, propanol, butanol, 2-chloroethanol and the like are used, and methanol
and ethanol are particularly preferable.

[0144] The amount of water and alcohol to be added is free of particular limitation and it is about 0.1% by volume -
about 100% by volume, preferably about 1% by volume - about 20% by volume, relative to the solvent.

[0145] In addition, an additive may be added to water to give a buffer, and the reaction may be carried out under
control of pH. As the additive, for example, disodium hydrogen phosphate and sodium dihydrogen phosphate, tris
(hydroxymethyl)aminomethane and hydrochloric acid, tris(hydroxymethyl)aminomethane and sodium hydroxide, citric
acid and sodium citrate, acetic acid and sodium acetate, citric acid and disodium hydrogen phosphate, glycine and
sodium hydroxide, sodium carbonate and sodium hydrogencarbonate and the like are used.

[0146] In the hydrolysis reaction, the amount of hydrolase to be used is not particularly limited, because it varies
depending on the kind and the form (e.g., immobilization) and the like, but it is generally about 0.001-fold to 100-fold,
preferably 0.1-fold - 10-fold amount (all in weight) relative to diastereomeric mixture (I) or a salt thereof.

[0147] The hydrolysis reaction may be any of standing still, shaking and stirring. When esterase is immobilized on
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a carrier, the reaction may be carried out in a bioreactor.

[0148] As mentioned above, optically active compound (V) or a salt thereof can be obtained by a method comprising
resolution of diastereomeric mixture (I) or a salt thereof to give a diastereomer or a salt thereof, and then deacylation
thereof to give optically active compound (V) or a salt thereof, or a method comprising reaction of diastereomeric
mixture (l) or a salt thereof with hydrolase to give a mixture of diastereomer or a salt thereof and optically active
compound (V) or a salt thereof, separation of optically active compound (V) or a salt thereof from the mixture, deacyla-
tion of the remaining diastereomer or a salt thereof to convert the obtained compound to optically active compound
(V). In the present invention, the former method without using hydrolase is preferable.

[0149] Of the compounds (V) obtained by the production method of the present invention, a compound represented
by the formula

wherein each symbol is as defined above, or a prodrug of a salt thereof refers to a compound which is converted to
compound (Vb) under a physiological condition in vivo as a result of a reaction with an enzyme, gastric acid etc., thus
a compound undergoing an enzymatic oxidation, reduction, hydrolysis etc. to convert into compound (Vb) and a com-
pound subjected to hydrolysis and the like by gastric acid etc. to convert to compound (Vb). A prodrug for compound
(V) may be a compound obtained by subjecting an amino group in compound (Vb) to an acylation, alkylation or phos-
phorylation (e.g., a compound obtained by subjecting an amino group in compound (Vb) to an eicosanoylation, alan-
ylation, pentylaminocarbonylation, (5-methyl-2-oxo-1,3-dioxolen-4-yl)methoxycarbonylation, tetrahydrofuranylation,
pyrrolidylmethylation, pivaloyloxymethylation, tert-butylation, etc.); a compound obtained by subjecting a hydroxy group
in compound (Vb) to an acylation, alkylation, phosphorylation and boration (e.g., a compound obtained by subjecting
a hydroxy group in compound (Vb) to an acetylation, palmitoylation, propanoylation, pivaloylation, succinylation, fu-
marylation, alanylation, dimethylaminomethylcarbonylation, etc.); a compound obtained by subjecting a carboxyl group
in compound (Vb) to an esterification or amidation (e.g., a compound obtained by subjecting a carboxyl group in com-
pound (Vb) to an ethylesterification, phenylesterification, carboxymethylesterification, dimethylaminomethylesterifica-
tion, pivaloyloxymethylesterification, ethoxycarbonyloxyethylesterification, phthalidylesterification, (5-methyl-2-oxo-
1,3-dioxolen-4-yl)methylesterification, cyclohexyloxycarbonylethylesterification and methylamidation, etc.) and the
like. Any of these compounds can be produced from compound (Vb) by a method known per se.

[0150] A prodrug for compound (Vb) may also be one which is converted to compound (Vb) under a physiological
condition, such as those described in "IYAKUHIN no KAIHATSU (Development of Pharmaceuticals)", Vol.7, Design of
Molecules, p.163-198, Published by HHROKAWA SHOTEN (1990).

[0151] The compound (Vb), a salt thereof and a prodrug thereof may be a hydrate or non-hydrate.

[0152] The compound (Vb), a salt thereof and a prodrug thereof may be labeled with an isotope (e.
g., 3H, 14C, 353, 125] etc.) and the like.

[0153] The compound (V) or a salt thereof or a prodrug thereof obtained by the production method of the present
invention can be used as a pharmaceutical product, agrochemical, food, cosmetic, chemical product and the like, based
on the action it has.

[0154] For example, compound (Vb) or a salt thereof or a prodrug thereof has high safety to human body and can
be used as a pharmaceutical agent (e.g., prophylactic or therapeutic agent for various diseases), animal medicine and
the like for mammals (e.g., rat, mouse, guinea pig, monkey, cat, cattle, dog, horse, goat, pig, human and the like).
[0155] Since compound (Vb), a salt thereof and a prodrug thereof have low toxicity, a nitric oxide (NO) production-
inhibitory effect and an inhibitory effect on the production of an inflammatory cytokine such as TNF-o,, IL-1, IL-6, etc.,
the pharmaceutical composition, which contains compound (Vb), a salt thereof or a prodrug thereof is useful as a
therapeutic and/or prophylactic agent in a mammal (e.g., rat, mouse, guinea pig, monkey, cat, cattle, dog, horse, goat,
pig, human and the like) against diseases such as cardiac disease, autoimmune disease, inflammatory disease, central
nervous system disease, infectious disease, sepsis, septic shock and the like, including, for example, ichorrhemia,
endotoxin shock, exotoxin shock, cardiac deficiency, shock, hypotension, rheumatoid arthritis, osteoarthritis, gastritis,
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ulcerative colitis, peptic ulcer, stress-induced gastric ulcer, Crohn's disease, autoimmune disease, post-transplant tis-
sue failure and rejection, postischemic re-perfusion failure, acute coronary microvascular embolism, shock-induced
vascular embolism (disseminated intravascular coagulation (DIC) and the like), ischemic cerebral disorder, arterial
sclerosis, pernicious anemia, Fanconi's anemia, drepanocythemia, pancreatitis, nephrose syndrome, nephritis, renal
failure, insulin-dependent diabetes, insulin-independent diabetes, hepatic porphyria, alcoholism, Parkinson's disease,
chronic leukemia, acute leukemia, tumor, myeloma, side effects caused by anticancer agents, infantile and adult res-
piratory distress syndrome, pulmonary emphysema, dementia, Alzheimer's disease, multiple sclerosis, vitamin E de-
ficiency, aging, sunburn, muscular dystrophy, myocarditis, cardiomyopathy, myocardial infarction, myocardial post-
infarction syndrome, osteoporosis, pneumonia, hepatitis, psoriasis, pain, cataract, influenza infection, malaria, human
immunodeficiency virus (HIV) infection, radiation hazard, burn, hypercalcemia, tonic spondylitis, osteopenia, bone Be-
hcet's disease, osteomalacia, fracture, acute bacterial meningitis, Helicobactor pyloriinfection, invasive staphylococcal
infection, tuberculosis, systemic mycosis, herpes simplex virus infection, varicella-herpes zoster virus infection, human
papilloma virus infection, acute viral encephalitis, encephalitis, asthma, atopic dermatitis, allergic rhinitis, reflux es-
ophagitis, fever, hyper cholesteremia, hyperglycemia, hyperlipidemia, diabetic complication, diabetic renal disease,
diabetic neuropathy, diabetic retinopathy, gout, gastric atony, hemorrhoid, systemic lupus erythematosus, spinal dam-
age, insomnia, schizophrenia, epilepsy, cirrhosis, hepatic failure, instable angina, valvular disease, dialysis-induced
thrombocytopenia, acute ischemic cerebral apoplexy, acute cerebral thrombosis, cancer metastasis, urinary bladder
cancer, mammary cancer, uterine cervical cancer, colon cancer, gastric cancer, ovarian cancer, prostatic cancer, parv-
icellular pulmonary cancer, non-parvicellular pulmonary cancer, malignant melanoma, Hodgkin's disease, non-Hodgkin
lymphoma and the like, or as a pharmaceutical agent for efficient in vitro fertilization (W099/46242).

Best Mode for Embodying the Invention

[0156] The present invention is explained in more detail in the following by referring to Examples, which are not to
be construed as limitative. In Examples, "recrystallized" means "recrystallization".

Example 1

Production of (6R)-6-({[(2S)-2-(acetyloxy)-2-phenylethanoyl]-2-chloro-4-fluoroanilino}sulfonyl)-1-cyclohexene-
1-carboxylic acid ethyl ester (compound 3)

[0157]
A QAc CO,Et F
CO,Et oy (5)CO:H * (COCIy, ‘ c
2 resolution
1 | 3 0 Okpn

[0158] Compound 2 (1.94 g) was dissolved in toluene (30 ml), DMF (0.03 ml) was added and oxalyl chloride (1.7
ml) was added dropwise under ice-cooling. The mixture was stirred at room temperature for 1 hr and the reaction
solution was cooled to -15°C and compound 1 (1.81 g) was added. Pyridine (3.5 ml) was added dropwise and the
mixture was stirred at the same temperature for 2 hr. After the completion of the reaction, water (15 ml) was added
and the mixture was partitioned. The organic layer was washed successively with 2N hydrochloric acid (15 ml), water
(15 ml) X 3 and saturated brine (15 ml), and the solvent was evaporated. IPA (6 ml) was added to the obtained oily
substance (3 g) and dissolved by heating, after which the solution was allowed to crystallize at 40°C and stirred at the
same temperature for 1 hr. After aging at room temperature for 1 hr, the crystals were collected by filtration to give the
titte compound (1.06 g) as white crystals. yield 39%, 98%de.

TH-NMR (300MHz, CDClg, 8): 1.24 (3H, t, J=7.1Hz), 1.70-1.95 (3H, m), 2.05-2.30 (4H, m), 2.35-2.45 (1H,m), 3.06 (1H,
bd, J=14.2Hz), 4.19 (2H, q, J=7.1Hz), 5.20 (1H, bd, J=3.9Hz), 5.66 (1H, s), 6.95-7.00 (2H, m), 7.05-7.15 (1H, m),
7.20-7.35 (5H, m), 8.02 (1H, dd, J=8.9, 5.7Hz).

Anal for Co5H,5NO;SCIF

Calcd. (%): C, 55.81 H,4.68 N, 2.60 S, 5.96 Cl, 6.59 F, 3.53 O, 20.82

Found (%): C, 55.85 H,4.38 N, 2.62 S, 5.92 Cl, 6.71 F, 3.23
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Example 2
Production of (6R)-6-({2-chloro-4-fluoroanilino}sulfonyl)-1-cyclohexene-1-carboxylic acid ethyl ester (compound 4)

[0159]

CO:Et F
Cl
2NNOH SO,NE E
SOZ—” OAC .
2) recrystallized
3 o Opn 4

(1) Deacylation

[0160] A 2N sodium hydroxide (280 ml) - THF (280 ml) solution was ice-cooled and compound 3 (30 g) was added
at 0°C. The mixture was stirred at the same temperature for 2 hr. After the completion of the reaction, pH was adjusted
to around 4 with 1N hydrochloric acid (about 250 ml) and ethyl acetate (140 ml) was added to partition the mixture.
The aqueous layer was extracted with ethyl acetate (250 ml). The combined organic layer was washed with saturated
aqueous sodium hydrogencarbonate (250 ml) and 10% brine (250 ml) and the solvent was evaporated. IPE-cyclohex-
ane (1:4) (60 ml) was added to the obtained oily substance (20 g) and dissolved by heating. The solution was stirred
at room temperature for 30 min and the seed crystal was added. The mixture was further stirred for 30 min. After stirring
under ice-cooling for 1.5 hr, the mixture was filtrated and washed with cold cyclohexane (20 ml) to give crystals. Drying
in vacuo at 40°C gave a crude substance (15.0 g) as white crystals. yield 74%, 93%ee.

(2) Recrystallization

[0161] The crude substance (3 g) was dissolved in IPA (15 ml) by heating and the solution was stirred at room
temperature for 15 hr. The precipitated crystals were collected by filtration and washed with IPA (3 ml). The mother
liquor was heated to 60°C and heptane (18 ml) was added. After stirring at room temperature for 30 min, the seed
crystal was added. The mixture was cooled and stirred at 0°C for 2 hr. The crystals were collected by filtration, washed
with cold heptane (10 ml) and dried in vacuo at 40°C to give the title compound (2.05 g) as white crystals. yield 68%,
99%ee.

TH-NMR (300MHz, CDClg, §): 1.24 (3H, t, J=7.1Hz), 1.69-1.78 (2H, m), 2.16-2.30 (2H, m), 2.41-2.55 (2H, m), 4.15
(2H, q, J=7.1Hz), 4.71 (1H, bd, J=4.7Hz), 6.96-7.00 (2H, m), 7.12-7.16 (1H, m), 7.28-7.31 (1H, m), 7.69 (1H, dd, J=9.1,
5.3Hz).

Anal for C45H47NO,SCIF

Calcd. (%): C,49.79H,4.74 N, 3.87 S, 8.86 Cl, 9.80 F, 5.25 O, 17.69

Found (%): C, 49.71 H, 4.67 N, 3.90 S, 8.80 Cl, 9.87 F, 5.22
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Example 3

Production of (6R)-6-({2-chloro-4-fluoro[(3R)-4-methoxy-3-methyl-4-oxobutanoyl]anilino}sulfonyl)-1-cyclohexene-
1-carboxylic acid ethyl ester (compound 6)

[0162]
e COEt
CO,E H,0CGRy>~ COMet (COCY,
[t[ 5 resolution \
SO,NH F ‘ S0,—N
R
1 6 O COMe

Me

[0163] Compound 5 (1.46 g) was dissolved in THF (8 ml), DMF (0.03 ml) was added and oxalyl chloride (0.96 ml)
was added dropwise under ice-cooling. The mixture was stirred at room temperature for 30 min and compound 1 (1.81
g) was added. Triethylamine (3.1 ml) and pyridine (0.89 ml) were added dropwise and the mixture was stirred at the
same temperature for 30 min. After the completion of the reaction, water (15 ml) and ethyl acetate (15 ml) were added
and the mixture was partitioned. The organic layer was washed successively with 1N hydrochloric acid (15 ml), water
(15 ml) X 3 and saturated brine (15 ml), and the solvent was evaporated. Methanol (4.5 ml) was added to the obtained
oily substance, and after refluxing, the mixture was allowed to cool to room temperature and stirred under ice-cooling
for 30 min. The crystals were collected by filtration to give the title compound (1.01 g) as white crystals. yield 41%,
97%de.

TH-NMR (300MHz, CDCls, §): 1.12 (3H, d, J=2.3Hz), 1.26 (3H, t, J=7.1Hz), 1.76-1.85 (2H, m), 1.90-2.05 (1H, m),
2.15-2.50 (3H, m), 2.60-2.70 (1H, m), 2.80-2.99 (1H, m), 3.03 (1H, bd,

J=12.9Hz), 3.68 (3H, s), 4.19 (2H, q, J=7.1Hz), 5.20 (1H, bs), 7.04-7.10 (1H, m), 7.24-7.10 (2H, m), 7.80 (1H, dd,
J=8.9, 5.7Hz).

Anal for Anal for C,4H,sNO,SCIF

Calcd. (%): C,51.48 H,5.14 N, 2.86 S, 6.54 Cl, 7.24 F, 3.88 O, 22.86

Found (%): C, 51.40 H, 5.27 N, 2.83 S, 6.38 Cl, 7.29 F, 3.67

Example 4
Production of (6R)-6-({2-chloro-4-fluoroanilino}sulfonyl)-1-cyclohexene-1-carboxylic acid ethyl ester (compound 4)

[0164]

F
COEL 2N N2OH ' (j[COzEt C
; SO,NH F

SOZ———-N .

6 o) COzMe
Me

[0165] Barium hydroxide octahydrate (0.59 g) and compound 6 (100 mg) were suspended in THF-water (1:1, 2 ml)
and the mixture was stirred for 4 hr. After the completion of the reaction, pH was adjusted to around 4 with 1N hydro-
chloric acid. Ethyl acetate (10 ml) was added for partitioning. The organic layer was washed with saturated aqueous
sodium hydrogencarbonate (10 ml) and 10% brine (10 ml) and the solvent was evaporated to give the title compound
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(22.6 mg) as an oily substance. yield 31%, 69%ee.
Example 5

(6S)-6-({[(2R)-2-(Acetyloxy)-2-phenylethanoyl]-2-chloro-4-fluoroanilino}sulfonyl)-1-cyclohexene-1-carboxylic acid
ethyl ester (compound 9)

[0166]
OAc CO,Et
+
COE ¢y O/(R'?)cozﬂ (CoCly,
rcsolutxon
SO,NH: F > SO,—N §>m
7 _ 9 0 (R)Ph

[0167] Compound 8 (9.7 g) was dissolved in toluene (150 ml), DMF (0.5 ml) was added and oxalyl chloride (8.7 ml)
was added dropwise under ice-cooling. The mixture was stirred at room temperature for 1 hr and the reaction solution
was cooled to -15°C. Compound 7 (9.04 g) was added and pyridine (17.8 ml) was added dropwise. The mixture was
stirred at the same temperature for 2 hr. After the completion of the reaction, water (80 ml) was added and the mixture
was partitioned. The organic layer was washed successively with 2N hydrochloric acid (80 ml), water (80 ml) X 3 and
saturated brine (80 ml), and the solvent was evaporated. IPA (45 ml) was added to the obtained oily substance, and
dissolved by heating. The crystals were allowed to precipitate at 40°C and the mixture was stirred at the same tem-
perature for 1 hr. After aging at room temperature for 1 hr, the crystals were collected by filtration to give the title
compound (3.35 g) as white crystals, yield 25%, 98%de.

TH-NMR (300MHz, CDClg, 8): 1.23 (3H, t, J=7.1Hz), 1.70-2.00 (3H, m), 2.15-2.35 (4H, m), 2.40-2.50 (1H, m),3.10 (1H,
bd, J=14.2Hz), 4.22 (2H, q, J=7.1Hz) 5.21 (1H, bs), 5.68 (1H, s), 6.98-7.00 (2H, m), 7.10-7.20 (1H, m), 7.25-7.40 (5H,
m), 8.03 (1H, dd, J=8.9, 5.7Hz).

Anal for C,5H,5NO,SCIF

Calcd. (%): C, 55.81 H,4.68 N, 2.60 S, 5.96 Cl, 6.59 F, 3.53 O, 20.82

Found (%): C, 55.76 H, 4.42 N, 2.53 S, 5.73 Cl, 6.63 F, 3.60

Example 6
(6S)-6-({2-Chloro-4-fluoroanilino}sulfonyl)-1-cyclohexene-1-carboxylic acid ethyl ester (compound 11)

[0168]

~ CO,Et F -
COEt
' [@on:
1)2NNaOH SO,NH £
Soz"f DA 2) recrystallized
10 0 ®pn 11

1) Deacylation — 2) Recrystallization
[0169] A 2N sodium hydroxide (18.5 ml) - THF (18.5 ml) solution was ice-cooled and compound 10 (2 g) was added

at 0°C. The mixture was stirred at the same temperature for 2 hr. After the completion of the reaction, pH was adjusted
to around 4 with 1N hydrochloric acid (about 18 ml) and ethyl acetate (10 ml) was added to partition the mixture. The
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aqueous layer was extracted with ethyl acetate (10 ml). The combined organic layer was washed with saturated aque-
ous sodium hydrogencarbonate (10 ml) and 10% brine (10 ml) and the solvent was evaporated. IPE (2 ml) was added
to the obtained oily substance (1.5 g) and dissolved by heating. The solution was stirred at room temperature and then
under ice-cooling. The precipitated crystals were collected by filtration, and washed with IPE (1 ml). The mother liquor
was heated to 60°C and stirred at room temperature for 1 hr and at 0°C for 30 min. The crystals were collected by
filtration and washed with cold IPE (2 ml). Drying in vacuo at 40°C gave the title compound (687 mg) as white crystals.
yield 51%, 97%ee.

TH-NMR (300MHz, CDCl3,8): 1.24 (3H, t, J=7.1Hz), 1.70-1.85 (2H, m), 2.16-2.35 (2H, m), 2.42-2.60 (2H, m), 4.15 (2H,
q, J=7.1Hz), 4.61 (1H, bd, J=5.0Hz), 6.97-7.05 (2H, m), 7.13-7.20 (1H, m), 7.30-7.35 (1H, m), 7.69 (1H, dd, J=9.1,
5.3Hz).

Anal for C45H7;NO4SCIF

Calcd. (%): C,49.79H,4.74 N, 3.87 S, 8.86 Cl, 9.80 F, 5.25 O, 17.69

Found (%): C, 49.62 H,4.36 N, 3.82 S, 8.66 Cl, 9.46 F, 5.24

Industrial Applicability

[0170] According to the production method of the presentinvention, an optically active compound (V) or a salt thereof
can be produced conveniently and efficiently. Accordingly, the production method of the present invention is highly
useful for industrial production.

[0171] This application is based on a patent application No. 2000-323309 filed in Japan, the contents of which are
all encompassed in the present specification. The references cited herein, including patents and patent applications,
are hereby incorporated in their entireties by reference, to the extent that they have been disclosed herein.

Claims

1. A method comprising resolution of a diastereomeric mixture represented by the formula

R'-50,-N—R?
(I)

0~ "R®

wherein

RTand RZ  are the same or different and each is an optionally substituted hydrocarbon group or an optionally
substituted heterocyclic group, and only one of R! and R2 contains one asymmetric carbon, and

Ra is an optically active and optionally substituted hydrocarbon group or an optically active and optionally
substituted heterocyclic group,

or a salt thereof, to produce the diastereomer having a steric configuration of the asymmetric carbon for R or R2
of an R configuration or an S configuration, or a salt thereof.

2. The method of claim 1, wherein R?2 is an optically active and optionally substituted hydrocarbon group containing
an asymmetric carbon or an optically active and optionally substituted heterocyclic group containing an asymmetric
carbon.

3. The method of claim 1, wherein the resolution is free of hydrolase.

4. A production method of a diastereomeric mixture represented by the formula
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R'-=50,~N—R”
(I)

0~ "R?

wherein R1and R2 are the same or different and each is an optionally substituted hydrocarbon group or an optionally
substituted heterocyclic group, and only one of R' and R2 contains one asymmetric carbon, and R@ is an optically
active and optionally substituted hydrocarbon group or an optically active and optionally substituted heterocyclic
group, or a salt thereof, which comprises reacting a racemate represented by the formula

R'-80,-NH-R? (I

wherein each symbol is as defined above, or a salt thereof with an optically active compound represented by the
formula

R?-COOH ()

wherein R@ is as defined above, or a salt thereof or a reactive derivative thereof.

A production method of an optically active form represented by the formula
1a 2a
R ™-SO,-NH-R V)

wherein R'2 and R22 are the same or different and each is an optionally substituted hydrocarbon group or an
optionally substituted heterocyclic group, only one of R'2 and R22 contains one asymmetric carbon, and a steric
configuration of the asymmetric carbon is an R configuration or an S configuration,

or a salt thereof, which comprises deacylation of the diastereomer obtained in the above-mentioned [1] or a salt
thereof.

A production method of an optically active form represented by the formula
1a 2a
R ™-SO,-NH-R V)

wherein R12 and R22 are the same or different and each is an optionally substituted hydrocarbon group or an
optionally substituted heterocyclic group, only one of R'2 and R22 contains one asymmetric carbon, and a steric
configuration of the asymmetric carbon is an R configuration or an S configuration, or a salt thereof, which com-
prises reacting a racemate represented by the formula

R'-80,-NH-R? (I

wherein R and R2 are the same or different and each is an optionally substituted hydrocarbon group or an optionally
substituted heterocyclic group and only one of R! and R2 contains one asymmetric carbon, or a salt thereof with
an optically active compound represented by the formula

R*-COOH (1

wherein R2 is an optically active and optionally substituted hydrocarbon group or an optically active and optionally
substituted heterocyclic group, a salt thereof or a reactive derivative thereof to give a diastereomeric mixture rep-
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resented by the formula

1 2

R'~S0,~N-R

(I)
a
0] R
wherein each symbol is as defined above, or a salt thereof, resolving the diastereomeric mixture or a salt thereof
to give the diastereomer wherein the asymmetric carbon for R or R2 has a steric configuration of an R configuration

or an S configuration or a salt thereof, then deacylating said diastereomer.

The method of any of claims 1 to 6, wherein the group represented by the formula
1 2
R—S%—T—R
is a group represented by the formula

R3

4/[\1« (A)

R soz—nl:—A-r

wherein R3 and R* are the same or different and each is an optionally substituted hydrocarbon group or an optionally
substituted heterocyclic group, R3 and R4 may form an optionally substituted cyclic group together with the adjacent
carbon atom, Ar is an optionally substituted hydrocarbon group or an optionally substituted heterocyclic group,
and the symbol

—~

indicates a racemate, and the diastereomer comprises a group represented by the formula

S

R SOZ—T~Ar

wherein * shows the position of the asymmetric carbon and other symbols are as defined above, which has a steric
configuration of the asymmetric carbon of an R configuration or an S configuration.

8. The method of any of claims 1 to 6, wherein the group represented by the formula

R‘—SOZ—II\J—RZ
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is a group represented by the formula

0
L s

'H AN C—
SO,~N=-Ar

wherein R5 is an optionally substituted hydrocarbon group, an optionally substituted heterocyclic group, the formula
-OR6 (R6 is a hydrogen atom or an optionally substituted aliphatic hydrocarbon group) or the formula -NR7R8 (R
and R8 are the same or different and each is a hydrogen atom or an optionally substituted aliphatic hydrocarbon

group),
Arlis an optionally substituted aromatic hydrocarbon group, ring A may be further substituted, n is an integer of

1-4 and the symbol

~—AMA

indicates a racemate, and the diastereomer comprises a group represented by the formula

(B")
*\SOZ—l}l-—Ar’

wherein ,, shows the position of the asymmetric carbon and other symbols are as defined above, which has a steric
configuration of the asymmetric carbon of an R configuration or an S configuration.

The method of any of claims 1 to 6, wherein the group represented by the formula
1 2
R'-S0,— ITI —R

is a group represented by the formula

4 . (C)
SOZ—-T—Ar

wherein R9 is a C4_g alkyl group, Ar2 is a Cg4_14 aryl group optionally having a halogen atom, and the symbol
— W

indicates a racemate, and the diastereomer comprises a group represented by the formula
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wherein * shows the position of the asymmetric carbon and other symbols are as defined above, which has a steric
configuration of the asymmetric carbon of an R configuration or an S configuration.

The method of claim 4 or 6, wherein the compound represented by the formula
R®-COOH ()

wherein R2 is an optically active and optionally substituted hydrocarbon group or an optically active and optionally
substituted heterocyclic group, is a compound containing an asymmetric carbon at the o-position of the carboxyl

group.

The method of claim 10, wherein the compound represented by the formula

R®-COOH (1

wherein R2 is an optically active and optionally substituted hydrocarbon group or an optically active and optionally
substituted heterocyclic group is

(1) an optically active compound represented by the formula

b

R COOH
Y (I11a)

OR®

wherein RP is a Cg_14 aryl group and R¢ is a C4_g alkanoyl group or a C4_4 alkyl group, or a salt thereof, or
(2) an optically active compound represented by the formula

d COOH
R‘00C7 Y (111b)
Re

wherein R4 and Re are the same or different and each is a C4_4 alkyl group, or a salt thereof.

A compound represented by the formula
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(CH,), A (IVb)

0 R®

wherein

Ra is an optically active and optionally substituted hydrocarbon group or an optically active and optionally
substituted heterocyclic group,

RS is an optionally substituted hydrocarbon group, an optionally substituted heterocyclic group, a group
represented by the formula -OR® (R8 is a hydrogen atom or an optionally substituted aliphatic hydrocarbon
group) or a group represented by the formula -NR7R8 (R7 and R® are the same or different and each is
a hydrogen atom or an optionally substituted aliphatic hydrocarbon group),

Ar' is an optionally substituted aromatic hydrocarbon group,

ring A may be further substituted,

n is an integer of 1-4, and

* shows the position of an asymmetric carbon,

or a salt thereof.

13. The compound of claim 12, wherein R2CO- is a group represented by the formula

b
R cCo-—
\( (1Ilaa)

ORF®

wherein RP is a Cg_q4 aryl group and R¢ is a C_g alkanoyl group or a C,_4 alkyl group.

14. The compound of claim 12, wherein R2CO- is a group represented by the formula

d CO‘_
RI00C” Y (11Ibb)
Re

wherein R4 and Re are the same or different and each is a C4_4 alkyl group.

15. (6R)-6-({[(2S)-2-(Acetyloxy)-2-phenylethanoyl]-2-chloro-4-fluoroanilino}sulfonyl)-1-cyclohexene-1-carboxylic acid
ethyl ester.

16. (6R)-6-({2-Chloro-4-fluoro[(3R)-4-methoxy-2-methyl-4-oxobutanoyl]anilino}sulfonyl)-1-cyclohexene-1-carboxylic
acid ethyl ester.

17. (6S)-6-({[(2R)-2-(Acetyloxy)-2-phenylethanoyl]-2-chloro-4-fluoroanilino}sulfonyl)-1-cyclohexene-1-carboxylic acid
ethyl
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18. (6S)-6-({2-Chloro-4-fluoro[(3S)-4-methoxy-2-methyl-4-oxobutanoyl]anilino}sulfonyl)-1-cyclohexene-1-carboxylic

acid ethyl ester.
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37



EP 1 334 966 A1

INTERNATIONAL SEARCH REPORT International application No.
PCT/JP01/09120

A. CLASSIFICATION OF SUBJECT MATTER
Int.cl” co07¢311/51, 311/14, 311/28, 303/40, CO7B57/00

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
Int.cl’” c€07C311/00, 303/00, CO7B57/00

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
REGISTRY (STN), CA (STN)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.

X WO 95/09151 Al (Ciba-Geigy AG), 1-3
06 April, 1995 (06.04.95),
& JP 9-504508 A

X JP 11-147873 A (Yamanouchi Pharmaceutical Co., Ltd.), 1-3
02 June, 1999 (02.06.99),
pages 2 to 5

(Family: none)

Y Nippon Kagakukai edition, “Kagaku Sousetsu No.4, 4-18
Fusai Hannou no Kagaku”, Gakkai Shuppan Center,
15 May, 1974 (15.05.74), page 242

Y JP 8-198840 A (Nippon Soda Co., Ltd.), : 4-18
06 August, 1996 (06.08.96),
pages 2 to 3

(Family: none)

Y WO 99/46242 Al (Takeda Chemical Industries), 4-18
16 September, 1999 (16.09.99),
& JP 2000-178246 A & EP 1063228 Al

[:] Further documents are listed in the continuation of Box C. D See patent family annex. ‘

* Special categories of cited documents: “T"  later document published after the intemnational filing date or
“A”  document defining the general state of the art which is not priority date and not in conflict with the application but cited to
considered to be of particular relevance understand the principle or theory underlying the invention
“E"” earlier document but published on or after the intemational filing “X”  document of particular relevance; the claimed invention cannot be
date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone
cited to establish the publication date of another citation or other “Y”  document of particular relevance; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
“0"  document referring to an oral disclosure, use, exhibition or other combined with one or more other such documenis, such
means combination being obvious to a person skilled in the art
“P”  document published prior to the intemational filing date but later “&”  document member of the same patent family
than the priority date claimed
Date of the actual completion of the international search Date of mailing of the international search report
16 January, 2002 (16.01.02) 05 February, 2002 (05.02.02)
Name and mailing address of the ISA/ Authorized officer

Japanese Patent Office

Facsimile No. Telephone No.

Form PCT/ISA/210 (second sheet) (July 1992)

38



	bibliography
	description
	claims
	search report

